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U.S.C. § 156(d) and 37 C.F.R. § 1.710, Et. Seq. for U.S. Patent No. 5,368,274 and supporting 
papers. Three copies of the Application are submitted as duplicate originals. Also submitted 
herewith is a declaration related to this application. 

The Commissioner is hereby authorized to charge the prescribed fee pursuant to 37 
C.F.R. § 1.20(j)(2) for the initial application for interim extension in the amount of $420.00 fee 
to or credit overpayment to Deposit Account No. 18-1579 of the Marbury Law Group, PLLC. 
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I hereby declare further that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under § 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application or any 
extension of patent term issuing thereon. 
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HE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re US Patent No. 5,368,274: 
Theodore J. Falk, et al. 

Application No.: 07/946,392 

Filed: September 17, 1992 

Title: Low Power Electromagnetic Valve 



Mail Stop Hatch- Waxman PTE 
Commissioner for Patents 
P.O. Box 1450 
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Declaration 

I, Robert M. Hansen, a partner at The Marbury Law Group, PLLC and an authorized 
patent attorney for Applicant, Flowonix Medical, Inc., submit this declaration, along with an 
Application for Interim Patent Term Extension under 35 U.S.C. § 156(d) and 37 C.F.R. § 1.710, 
et seq. for U.S. Patent No. 5,368,274, and hereby state that: 

1 . I am a patent attorney authorized to practice before the Patent and Trademark Office and 
have general authority from the owner to act on behalf of the owner in patent matters as 
demonstrated by the attached Power of Attorney and recordation of change of corporate 
name; 

2. I have reviewed and understand the contents of the application being submitted pursuant 
to 37 C.F.R. § 1.790; 

3. I believe the patent is subject to extension pursuant to 37 C.F.R. § 1 .790; 

4. I believe an interim extension of the length claimed is fully justified under 35 U.S.C. 
§ 156 and the applicable regulations; and 

5. I believe U.S. Patent No. 5,368,274 meets the conditions for an interim extension of the 
term of a patent as set forth in 37 C.F.R. § 1 .790. 
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any and all patent applications assigned flnlj£ to the undersigned according to the USPTO assignment records or assignment documents 
attached to this fonn In accordance with 37 CFR 3.73(b). 



Please change the correspondence address for the applicalion IdentHled In the attached statement under 37 CFR 3.73(b) to: 



0 
OR 



The address associated with Customer Number 
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Individual Name 



Address 



City 



State 



Zip 



Country 



Telephone 



Email 



Assignee Name and Address: 

Medasys Incorporated 

500 International Drive, Suite 200 

Mt. Olive, NJ 07828 



A copy of this form, togothor with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivalent) Is requlrad to be 
filed in each application In which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of 
the practitioners appointed In this form If the appointed practitioner Is authorized to act on behalf of the assignee, 
and must Identify the application In which this Power of Attorney is to be filed. 



SIGNATURE of Assignee of Record 
The individual whose signature and title Is supplied below is authorized (o act on behalf of the assignee 



Signature 




Steve Adier 



Telephone <J->M;i< 



CEO, IVledasys Inc. 



Ttri» conectlon of MormaUon to required by 37 CFR 1.31, 1.32 and 1.33. The Inforfflatlon (s required to ol>taln or retain a benefit by the publlo which Is to lite (and 
by the USPTO to process] an applleallon. ConRdenOality Is governed by 36 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collecdon Is estimated to take 3 minutes 
to complete, tnctudlng gaUteilng, prepaifng, and submltUng the completed appllcatton fomn to Oie USPTO. Time w9l vary depending upon the Individual case. Any 
eomments on the amount of time you require to complete this (om and/or suggestions for reducing this burden, should be sent to the Chief Infomiallon Ofllcer, 
U.S. Patent end Tiademark Office. U.S. Department <rf Commerce, P.O. Box 1460. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA22313-1450. 



If you need asslslance In completing the fonn. call 1-800-PTO-9199 and select option Z 
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Uie Jirst State 



I, JEFFREY W. BULLOCK^ SECRETARY OF STATE OF THE STATE OF 
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT 
COPY OF THE CERTIFICATE OF AMENDMENT OF "MEDASYS INCORPORATED", 
CHANGING ITS NAME FROM "MEDASYS INCORPORATED" TO "FLOWONIK 
MEDICAL INCORPORATED" , FILED IN THIS OFFICE ON THE TWENTY-FOURTH 
DAY OF FEBRUARY, A.D. 2012, AT 12:34 O'CLOCK P.M. 

A FILED COPY OF THIS CERTIFICATE HAS BEEN FORWARDED TO THE 
NEW CASTLE COUNTY RECORDER OF DEEDS. 




3912902 8100 




\ \ Jeffrey W. Bullock, Secretaiy of State 
AUTHENTICATION: 9388975 

DATE: 02-24-12 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re US Patent No. 5,368,274: 
Theodore J. Falk, et al. 

Application No.: 07/946,392 

Filed: September 17, 1992 

Title: Low Power Electromagnetic Valve 



Mail Stop Hatch- Waxman PTE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Initial Application for Interim Patent Term Extension under 35 U.S.C. S 156(d)(5) 

Please find contained herein Flowonix Medical, Inc.'s application (the application and 
accompanying documents are collectively referred to herein as the "Application") for interim 
extension of United States Patent No. 5,368,274 (referred to herein as the "Valve Patent") under 
35 U.S.C. § 156(d)(5) and 37 C.F.R. § 1.790. The Valve Patent is owned by Flowonix Medical, 
Inc. ("Applicant"), which is located at 500 International Drive, Suite 200, Mount Olive, New 
Jersey 07828. The following information is provided pvirsuant to 37 C.F.R. § 1.710, et seq. 

Applicant requests that a first interim extension of patent term of one year be granted and 
submits that the instant application is complete. For convenience and ease of reference, this 
Application is structured to correspond to the sections of 37 C.F.R. § 1.740, such that the 
paragraph numbers preceding each item correspond to the appropriate section of 37 C.F.R. 
§ 1.740(a). Further, in accordance with the mandate of 37 C.F.R. § 1.790(b), Sections 
1.740(a)(1), (a)(2), (a)(4), and (a)(6)-(a)(17) and 37 C.F.R. § 1.741 are read in the context of the 
product currently undergoing review. Section 1.740(a)(3) and (5) are not applicable to the 
request for interim extension. 



(1) Exhibit A provides a complete identification of the medical device currently undergoing 
review (hereinafter, the "Medical Device"), including its physical structure or 
characteristics. The Medical Device is intended to be commercially marketed under the 
trade name of Prometra® Programmable Pump System, and is an implantable drug 
delivery pump intended to be implanted in patients who require long-term, frequent 
administration of a drug. The Medical Device has been under review by the Food and 
Drug Administration (FDA) since 2006. As the materials in Exhibit A will show, the 
Medical Device's essential component is its valve-accumulator subsystem, which 
comprises a pair of valves as claimed in U.S. Patent No. 5,368, 274 (the "Valve Patent"). 
These valves work in concert to regulate with precision the amount of drug that is 
administered to the patient, regardless of external changes in pressure and temperature. 
As Exhibit A discusses, the means by which an implantable pump regulates dosing "is 
the most mechanically complex component of an implantable pump and has significant 
impact on several pump features." The low energy consumption of the valves and lack of 
considerable moving parts of the valves claimed in the Valve Patent extend the life of the 
Medical Device, which is a key consideration in an implantable device. Thus, the valves 
claimed in the Valve Patent are crucial to the overall functionality of the Medical Device. 

(2) The Medical Device (i.e., the Prometra® Implantable Pump System) is a class III device 
that requires a Premarket Approval Application under section 5 1 5 of the Federal Food, 
Drug and Cosmetic Act. Therefore, Applicant is and has been pursuing approval of the 
Medical Device under § 515 of the Federal Food, Drug, and Cosmetic Act. 

(3) Not applicable to interim extension applications. While the FDA did send a letter 
approving Applicant's PMA on February 7, 2012, the FDA has not, to date, given 
Applicant final permission to use or market the Medical Device commercially. See 
Exhibit F for a more thorough explanation. The letter dated February 7, 2012 from the 
FDA is attached as Exhibit I. 

(4) Not applicable to requests for extension for medical devices. 

(5) Not applicable to interim extension applications. However, this interim extension 
application is being filed within the window of six months prior to the expiration of the 
term of the patent and fifteen days prior to the expiration of the term of the patent as 
prescribed in 35 U.S.C. § 156(d)(5)(A). The patent term is to expire on September 17, 



2012, with the last day on which the Application for filing the interim extension request 
falling on September 2, 2012. 

(6) This Application is for United States Patent No. 5,368,274. The subject matter of the 
Valve Patent was invented by Theodore J. Falk, W. Richard Brown, Lawrence E. Morris, 
and Norbert W. Frenz, Jr. The Valve Patent was assigned to Flowonix Medical, Inc. by 
Medasys Incorporated on February 24, 2012, and that assignment was recorded on April 
10, 2012. A list of all assignments of the Valve Patent is attached as Exhibit B. The 
Valve Patent issued on November 29, 1994 and is due to expire on September 17, 2012. 

(7) A copy of the Valve Patent, including the specification (including claims) and drawings 
is attached as Exhibit C. 

(8) Maintenance fees were paid on the Valve Patent on March 9, 1998; May, 21, 2002; and 
May 24, 2006 to maintain the term of the patent until September 17, 2012. A copy of the 
receipt for the maintenance fees for the Valve Patent is attached as Exhibit D. A 
Certificate of Correction was issued on April 18, 1995. A copy of the certificate of 
correction is also included in Exhibit D. No disclaimer or reexamination certificate 
applies to the Valve Patent. 

(9) The Valve Patent contains 28 claims. As required by 37 C.F.R. § 1 .740(a)(9)(i), 
Applicant submits that at least claims 1-10, 12-13, 15-21, 24-25, and 27-28 of the 
Valve Patent read on the valves utilized in the Medical Device. Pursuant to 37 C.F.R. § 
1.740(a)(9)(i) and MPEP § 2753, a demonstration of the manner in which at least 
independent claim 1 reads on the Medical Device is attached as Exhibit E. 

(10) Pursuant to 37 C.F.R. § 1.740(a)(10)(v), a statement beginning on a new page of the 
relevant dates and information pursuant to 35 U.S.C. § 156(g) is attached as Exhibit F. 

(11) Flowonix Medical, Inc. was formerly knovra as Medasys Inc., which was formeriy 
knovm as InSet Technologies Incorporated. A brief description of the significant 
activities undertaken by Applicant and its predecessors in interest, InSet Technologies 
Incorporated and Medasys, Inc., to market products covered by the Valve Patent is 
attached as Exhibit G. 

(12) A statement that, in the opinion of the Applicant, the patent is eligible for the extension 
and a statement regarding the length of extension claimed, including how the length of 
extension was determined is attached as Exhibit H. 



(13) Applicant acknowledges its duty to disclose to the Commissioner of Patent and 
Trademarks and the Secretary of Health and Human Services or the Secretary of 
Agriculture any information that is material to the determination of entitlement to the 
extension sought, and the tenets of the duty of disclosure in 37 C.F.R. § 1.765 relevant to 
the application. 

(14) The Commissioner is authorized to charge the fee in 37 C.F.R. § 1.20(j)(2) or any 
additional fee, or credit overpayment, to Deposit Account No. 18-1579. 

(15) Any inquires and correspondence relating to this application should be directed to the 
following: 

Robert M. Hansen, Esq. 
The Marbury Law Group, PLLC 
1 1800 Sunrise Valley Drive, 15th Floor 
Reston, VA 20191-5302 
703-391-2900 Firm Telephone 
571-267-7003 Direct Line 
703-391-2901 Facsimile 
703-909-5155 Cell 
RHansen@Marbury Law. com 

Applicant is asking for an interim extension of U.S. Patent No. 5,368,274 until the earlier 
of sixty days following Regulatory Approval of the Medical Device or September 17, 2013. 

If there are any questions regarding this application, please contact the agent for 
Applicant, as noted above. 

Signatory below is authorized to sign this Application on behalf of Applicant pursuant to 
a Power of Attorney signed by an authorized agent of Applicant. 



Respectfully submitted. 




Date: August 30. 2012 



Customer Number: 22208 
Telephone: 703-391-2900 
Facsimile: 703-391-2901 



The Marbury Law Group PLLC 



Robert M. Hansen 
Attorney for Applicants 
Registration No. 43,656 



EXHIBIT A 



Product Description 



CONTENTS 

Patient Guide for Use with Prometra® Programmable Pump System 
Summary of Safety & Effectiveness Data 
White Papers for Valve-Gated Implantable Drug Pumps 
Prometra® Programmable Pump System — Principles of Operation 
Description of the Prometra® Programmable Infusion Pump System 
V53 Valve Set Assembly Specifications 



Implanttng Confidence- ^ 

PATIENT GUIDE 

For use with Prometra® Programmable Pump System 




Caution: Federal Law (USA) restricts this device to sale by or on the order of a 
physician. 
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Additional Information 

Warranty 

Travel or international use 

Date of Version 

User Assistance Information. 



Glossary 

Abdomen: soft space between your ribs and hip bones 

Arachnoid: the middle protective membrane covering the brain and spinal cord 
Anesthesia: medicine that causes you to lose your ability to sense pain, among other 
sensations 

Bolus: large or concentrated dose of medicine 

Cardioversion: electrical "jump start" for your heart to correct irregular rhythms. Also may 
be done with medication(s). 
Catheter: tiny flexible tube 
CSF: cerebrospinal fluid 
Chronic: long-term 

Contrast media: dye that can be seen under x-ray 

CT: non-invasive, non-magnetic scan used to verify intrathecal catheter position 
DEHP: Bis{2-ethylhexyl)phtHalate, a plasticizer in PVC 

Defibrillation: stopping the heart from quivering, "fibrillating", instead of pumping normally. 
Often done by applying electricity via small paddles but may also be done with medication(s). 
Dura Mater {Dura): the outermost protective membrane covering the brain and spinal cord 
Epidural: located outside the dura mater or anesthesia injected into this space. 
Explant: to take out; opposite of implant 
FDA: US Food and Drug Administration 

Fiddling: rotating the pump in the pocket created for it in the abdominal wall 
Hyperbaric: the medical use of oxygen at a level higher than atmospheric pressure. 
Implant: to put in 

Inflammatory mass: group of inflamed cells 

Intractable: difficult-to-manage; hard to treat, relieve, or cure 

Intrathecal space: fluid-filled area around the spinal cord 

Latex: natural rubber 

Orally: by mouth 

Palpable: that which can be felt by touching 
PVC: polyvinyl chloride, a plastic material 
Programmable: ability to be controlled remotely 

Prometra: brand name for Medasys' programmable drug delivery pump and pump system 
Saline: Salt water balanced to match your body's composition 
Telemetry: remote transmission of data 

Vertebra/Vertebral Body: bones or segments which make up the spinal column and through 
which the spinal cord runs 
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Descriptive informatibn 



Your doctor is recommending tliis treatment for you because your prior treatrnents haye not 
been adequate. This Patient (juide will help you; understand your Prpmetra Programmable 
PliWp'System and help answer your questions about this treatrn However/ it is oniy a 
guide and your doctor arid nurse are always your best source of irifornriatlpn. Be sure to ask 
them to explain anything that lis unclear. Arid, always follow their directions cohcernirig your 
Prometra Programmable Puniip System. 

Nqite: The use of the terms -medicg^on'^ and "drug" throughout this docurnent reiPer to the 
use csf lrvfurnorph®which is the Food and Drug Administration (FDA) approved brand liame for 
Morphine Sulfate; 

Potential Benefits of the Pr6metra Prograrnrnabie Purnp System 

Your spinal cord is the main path way for information connecting your brain and all the rest of 
the nerves in your body. If ypu take a pill oraHy (by mouth), medicine has a much harder time 
reaching the spinal cord as much of the drug is absorbed by your body along the way. 
Deliveririg this dose directly to your spirial cord reduces the an^ount of rrtedicatlOT heeded. 
For example, published studies show that you can take l/ltK3* of your pain medication when: 
it is delivered to your Intrathecal space (fluid-filled spate around your splrial qjrd) and 
achieve the isame result.^ With a niuch smaller intrathecal dosage, your sid^ effects naay be 
reduced. Or, your doctor may be able to increase your dosage without as many side effects. 




^ Rauck R, Iritrathecaldrug delivery, $efT^ Me^dicjne,;20d4; 2(1): 2-7. 
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Purpose of the device (FDA approved indicatlohs for use) 



YburPfdmetra Rrogrammable PufnpSystem Is approved tQ infuse Inftjmpfph {preservative- 
free moiphine sulfate sterile solutiph) directly into the intrathecal space. Sterile preservative- 
free saline (salt water) solutibn may also be used in your pump. 

Please read the drug label for information on Infurhorph. The National Library of Medicine at 
www.nlm.nih.gov is a good source for this information. 

Description of the device 

The Prometra Programrnable Pump System infuses the drug directly to ypUr spihal cord. 




A thlh lhj^hecal catheter with holes near the end is carefuljy placed in your intrathecal 
space and securely connected to the Prometra programmable pump implanted ip your 
abdomen (the soft space between your ribs and hip bones)., Your catheter has a radiopaque 
tiplthat can be sieert under x-ray. 

The pump has a central refill septum that a nurse or doctor can feel undemegth your skin 
(palpate), Your medicine vvill be refiHed every 3Q-90 days by acceisslng^is refill portvvith a 
thin needle. If needed, the nurse or doctor may access ypur^atheter directly to provide a 
Bolus (large or Goncentrated dose) of medjcine through the catheter access septum. 



P/VtlENT GUIDE PageSOfZZ 
For Prometra* Programmable Pump and Intrathecal Catheter ^ _ * 




yyhen you initially receive the pumpKand at most refi or doctor will use a 

hanlheld programmer, like a remote control, to set how much medicine to deliver and at 
vifiat times. Your programmable pump can deliver diffeireht amounts of medication at 
d&ent times of the day, such as more at night while you are sleeping and leKduringthe 
day. 

Prometra Programmer 




Making the Dfecisfon if the Pump is Ri ght for You 
Contraindications 

The fiump system should not he tmptanted: 

• If you have an infectidh, such as a tppth abscess or a bed sore. 

• If your body type carinpt comfortably or safely accominodate the pump size and weight. 

• If the pump cannot be Implanted under your skin 2.5 em (1 in ) deep. 

• If you have allergies to the catheter materials, ineiuding ^ilicohe elastomers, barium 
sulfete, tungsten, polyacetaj resin, ink, stainless steel, hydroglide hydro gel coating, or 
plastic needle hubs (polyprdpylene and acrylic based); 
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• If you have allergies to the pump materials, including titanium, silicone elastomers, 
polyphenylsulfone, silicone adhesive, polyvinylidene fluoride, MP35N metal (nickel-cobalt- 
chromium-molybdenum alloy), or stainless steel (AL29-4, 316L). 

• If you have exhibited a prior intolerance to implanted devices. 

• If your spinal column anatomy obstructs cerebrospinal fluid flow or prevents intrathecal 
drug delivery. 

• If you are deemed an unsuitable candidate after psychological evaluation. 

• If you have any contraindication to Infumorph as per the approved drug labeling. The 
National Library of Medicine at www.ntm.nih.gov is a good source for FDA-approved drug 
information. 



Warnings 



WARNING: USE OF UNAPPROVED DRUGS (e.g., DRUG COCKTAILS, PHARMACY- 
COMPOUNDED DRUGS, MORPHINE WITH PRESERVATIVES, ETC.) WITH THE PROMETRA 
PUMP COULD RESULT IN PUMP FAILURE AND/OR SERIOUS ADVERSE EVENTS INCLUDING 
DEATH. 

WARNING: YOU SHOULD NOT UNDERGO MRI OR OTHER MAGNETIC THERAPIES. 
FAILURE TO EMPTY THE PUMP PRIOR TO EXPOSURE TO MRI ENVIRONMENT COULD 
RESULT IN DRUG OVERDOSE THAT COULD LEAD TO SERIOUS PATIENT INJURY OR 
DEATH. : 

You should not undergo hyperbaric therapy since exposure could result in drug 
underdose. 

In the event of over-medication, refer to the approved Infumorph labeling for appropriate 
treatment. 

Clinicians implanting, programming, accessing, or maintaining implanted programmable 
pumps must comply with the instructions for use. Technical errors may result in a return 
of underlying symptoms, drug withdrawal symptoms, or clinically significant or fatal 
overdose. 

Do not incinerate or cremate the pump. 

You should not have an occupation where you would be exposed to high current 
industrial equipment, powerful magnets or transmitting towers, such as, electricians, 
electrical engineers or MRI technicians. 

Avoid powerful magnets, such as MRI or other magnetic therapies. Exposing your pump 
to powerful magnets may result in a fatal overdose. In an emergency requiring an MRI or 
exposure to powerful magnets, your doctor must completely empty your pump of all 
medication and allow you to have an MRI. The pump cannot be used after exposure to 
MRI. If an MRI procedure has been utilized the pump should be explanted. 
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Precautions 



General: 

• Carefully read all instructions prior to use. Follow all instructions. 

• Certain equipment may cause electrical noise, which may interfere with programming. If 
suspected, move the patient from the suspected source of interference to facilitate the 
programming procedure. Examples of equipment that may cause inference include: 
radio, TV, cellular phones, telemetry, amateur radio, radio navigational aids, industrial 
scientific medical devices (ISM), large electric motors, etc. 

• Do not use accessories that are not referenced in these instructions for use. Only use 
devices and accessories that are referenced for use with the Prometra* Programmable 
Pump in these instructions. 

• Safety and effectiveness for use in pediatric patients under 22 years old has not been 
investigated or established. 

• The effects of implanting this device in patients with other implanted medical devices, 
other than neurostimulators, are unknown. 

• Pain on injection that was not noted during previous injections may be an early sign of 
infection. 

Implant: 

• Implantation of this device and subsequent use, reprogramming, and refilJ should only be 
conducted by qualified medical personnel specifically trained for surgical implantation, 
use, and maintenance of the device. Use of this device by non-qualified or untrained 
personnel could lead to serious consequences involving under- or over- dosage of 
Infumorph. In the event of over-medication, refer to the approved Infumorph labeling for 
appropriate treatment. 

• If therapy is discontinued for an extended period, the pump should be emptied of 
Infumorph and filled with a preservative-free 0.9% sterile saline solution and programmed 
to a low infusion rate to maintain catheter patency. 



Device Compatibility: 

. Pump accessories. Only use the Prometra Programmable Pump with the accessories listed 
in these Instructions for use. Use of alternate accessories may result in damage to 
Prometra components, less than adequate therapy, or increased risks to the patient. 

• Pump. Only use with Prometra Programmer. 

• Therapeutic ultrasonics or lithotripsy - Use of therapeutic ultrasonic devices, such as 
electrohydraulic lithotriptors, has not been tested on the Prometra pump. If lithotripsy 
must be used, do not focus the beam In proximity of the pump. 
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• Medical devices. The Prometra Pump Programmer may affect other medical devices. Use 
or interference with medical devices, other than neurostimulators, has not been 
established. 

• Applied electric currents. Interaction of the Prometra Pump with electric currents applied 
to the body such as cardioversion or defibrillation has not been established. Care must be 
exercised if you receive these treatments. Where practical, the pump should be turned off 
before application of electric currents to your body. Confirmation that the pump 
programming has not changed must be carried out as soon as possible after the 
procedure. 

• Radiation. Do not use radiation therapy in the area of the pump. The effects of ionizing 
radiation on the Prometra Pump have not been established, and these therapies may 
have effects on pump operation that are not immediately apparent. 



Risks 

Potential Adverse Events 

The use of implanted pumps provides an important means of delivering Infumorph directly to 
your spine. However, the potential exists for serious complications including the following: 

Possible Rislcs Associated with Programmable Implantable Pump 

• Adverse reaction to pump materials 

• Battery depletion 

• Bleeding 

• Body rejection phenomena 

• Defective pump (e.g. propellant chamber leakage, pump rupture) 

• Inability to locate septum 

• Inability to program pump due to programmer failure or loss of telemetry 

• Inflammation, necrosis, or scarring of skin over implant area 

• Programming errors, resulting in over or under dosing 

• Pump flipping or twisting 

• Pump implanted too deep, resulting in difficulty accessing or inability to access port 

• Pump migration (moving within your body) 

• Pump pocket pain/soreness 

• Pump pocket seroma/hematoma, with or without infection 

• Pump rotation 

• Pump site skin erosion (pump rubs through your skin) 

• Pump stoppage 

• Refill errors, including injection into pump pocket, injection into wrong port, incorrect 
volume, incorrect concentration, difficulty accessing pump port 

• Septum dislodgement 

• Septum leakage 



PATIENT GUIDE 

For Prometra* Programmable Pump and fntrathecal Catheter 



Page 9 of 22 



• Slow, erratic or fast flow 

• Software error 

Possible Risks Associated with Intrathecal Catheter 

• Catheter disconnection 

• Catheter kinking 

• Catheter fracture 

• Catheter migration (moving within your body) 

• Cerebrospinal fluid (CSF) leak 

• Disconnection 

• Erosion (catheter rubs through your skin) 

• Fibrosis (scarring) 

• Infection in intrathecal space, including meningitis 

• Inflammatory mass formation (e.g., granuloma) 

• Malpositioning 

• Nerve damage 

• Pain on injection 

• Poor radiopacity 

• Post dural puncture headache (post surgical headache) 

• Reaction to catheter materials 

• Reversible or irreversible partial or complete occlusions (blockages) 

• Spinal cord pressure leading to paralysis 

• Spina! cordJtrauma, perforation, laceration 

• Subcutaneous catheter tract infection 

• Subcutaneous tunnel infection 

• Tears/breaks 

In rare instances, the development of an inflammatory mass at the tip of the implanted 
catheter may occur, which can result in serious neurological impairment. Patients should be 
monitored carefully at each visit for any new neurological signs or symptoms, including: 

• progressive change in the character, quality, or intensity of pain 

• an increase in the level and degree of pain despite dose escalation 

• sensory changes (i.e., numbness, tingling, burning) 

• hyperesthesia and/or hyperalgesa 

Presentations that require immediate diagnosis include 

■ Burning, numbness, or tingling 

■ Increase in pain despite dose escalation 

■ Increased sensitivity to stimuli or pain 

■ Progressive change in the type or amount of pain 

■ Bowel and/or bladder dysfunction 

■ Gait disturbances or difficulty ambulating 
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Paraparesis or paralysis 



If the presence of an inflammatory mass is suspected, recommended evaluation should 
include a review of the patient history and neurological evaluation, radiological diagnostic 
procedures (such as a CTscan with contrast) and appropriate clinical consultation. 

Inflammatory mass has been associated with a wide range of doses and concentrations of 
opioids. No dose or concentration of Infumorph can be considered completely free of risk 
from inflammatory mass. The risk of inflammatory mass occurrence appears to be cumulc 
over time and increases with higher concentrations and doses of opioids. 



Common Side Effects of Infumorph 

• If nausea occurs, consult your doctor or pharmacist for ways to decrease it (such as taking 
antihistamines, lying down for 1 to 2 hours with as little head movement as possible). 

• This medication may cause dependence, especially if it has been used regularly for a long 
time or-in-high-doses.Jn-such cases, withdrawal reactions (such as restlessness, watery 
eyes, widened pupils, sweating, and runny nose) may occur if you suddenly stop this drug. 
To prevent withdrawal reactions, your doctor may reduce your dose gradually. Consult 
your doctor or pharmacist for more details, and report any withdrawal reactions 
immediately. 

• When this medication is used for a long time, it may not work as well. Your doctor may 
need to increase your dose or change your medication. Talk with your doctor if this 
medication stops working well. 

• Along with its benefits, this medication may rarely cause abnormal drug-seeking behavior 
(addiction). This risk may be increased if you have abused alcohol or drugs in the past. 
Use this medication exactly as prescribed to lessen the risk of addiction. 

• Tell your doctor if your pain persists or worsens. 

. Nausea, vomiting, constipation, lightheadedness, dizziness, drowsiness, increased 
sweating, or dry mouth may occur. Pain, redness, or swelling at the injection site may 
occur if this medication is given into a muscle or under the skin. If any of these effects 
persist or worsen, tell your doctor or pharmacist promptly. 

. To prevent constipation, maintain a diet adequate in fiber and drink plenty of water, if not 
contraindicated. If necessary, consult your doctor for help in selecting a laxative (such as 
a stimulant type with stool softener). 

• Remember that your doctor has prescribed this medication because he or she has judged 
that the benefit to you is greater than the risk of side effects. Many people using this 
medication do not have serious side effects. 

• Tell your doctor immediately if any of these unlikely but serious side effects occur: 
slow/shallow breathing, fainting, mental/mood changes (such as agitation, hallucinations, 
confusion), difficulty urinating, vision changes, slow/fast heartbeat. 
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• Tell your doctor immediately if any of these rare but very serious side effects occur: 
severe stomach/abdominal pain, change in the amount of urine, seizures. 

• A very serious allergic reaction to this drug is rare. However, seek immediate medical 
attention if you notice any symptoms of a serious allergic reaction, including rash, 
itching/swelling (especially of the face/tongue/throat), severe dizziness, trouble 
breathing. 

• This is not a complete list of possible side effects. If you notice other effects not listed 
above, contact your doctor. 

Benefits 

Implantation of the Prometra programmable pump system is often used when conventional 
treatment is no longer effective. Benefits you may expect include: 

• Accurate delivery of the prescribed dosage 

• Delivery of Infumorph which is intended for intraspinal administration in the 
management of pain. 



Before. During and After Your Procedure 
Your Pump Implant Surgery 

The Prometra Programmable Pump System will be placed in your body during a surgical 
procedure that is usually about 1 hour long. You will be given anesthesia which will allow you 
to sleep through the surgical procedure without pain. Your doctor will give you specific 
instructions about how to prepare for the surgery. 

Both the pump and catheter are implanted under your skin. A small incision is made in your 
back to provide access to your spinal canal. The tip of the catheter is threaded up your spine 
into your intrathecal space while using a form of x-ray. Your doctor usually places the pump 
at about waist level (abdomen), above your hip bone and below your ribs, and to one side. 
The catheter is tunneled underneath your skin from where it enters your spine around your 
waist to the pump. The catheter length is then customized to your body and connected to 
the pump. Your doctor may chose to use sutures near where the catheter enters your spine. 
This will help the catheter to maintain its position. 

Your pump will be filled and programmed to deliver your medication at either a constant or 
variable rate, or it can be set to give a dosage repeated at specified times. Your doctor will 
determine the best medication schedule for you. 

When you wake up, you will notice two incisions. Your doctor made one incision in your 
abdomen to place the pump. Another small incision is made in your back to position the 
catheter in your spine. 
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Follow-up Visits 

Your first follow-up visit will be scheduled one to two weeks after surgery. At this visit, your 
doctor will look at the surgical site and review the medication therapy plan that was started 
when you received your pump. 

Refills 

Your doctor will schedule regular pump refill visits as needed so that your pump does not run 
out of medication. This is usually about every 30-90 days. Only your doctor or nurse can 
program your pump to deliver medication. It Is important not to miss a refill appointment. 
Yoii should always let your doctor know as soon as possible if you think you will miss an 
appointment. This will allow time for a new appointment to be set or for other arrangements 
to be made. If your pump is not refilled on time, it may become empty, and you will not get 
your required medicine. When you run out of medicine, your symptoms can range from fairly 
minor to very serious depending on the medicine you were receiving. Refer to the Infumorph 
prescribing information for the withdrawal or underdose symptoms to expect if your pump 
runs out of medication or if you stop getting medicine from the pump for any reason. 

To refill your pump, your doctor will insert a special needle of just the right size and length 
into your pump through the center refill septum. For most patients this causes only a mild 
pricking sensation. Then, your doctor or nurse will completely empty your pump. Your pump 
must be emptied to measure the amount of medication that was left in the pump. This allows 
verification that the pump has been delivering the right amount of medicine to your spinal 
cord. Your doctor will then refill your pump by attaching a syringe and tubing set filled with 
your medication to the special needle and pushing the medication into the pump reservoir. 
Then, your doctor or nurse will program the pump to deliver your medication using the 
programmer. Once the pump is refilled and programmed by your doctor, the pump will 
automatically deliver the medication at the programmed dosage rate. 

What should I expect after surgery? 

After surgery you may have some redness and tenderness in the area where your incision was 
made. This will normally go away in a few weeks. However, contact your doctor or nurse if 
you notice unusual changes in the skin area over the pump such as increased swelling, 
redness, or soreness. 

For the first few days after you receive the pump, you should avoid heavy exertion and 
strenuous activities such as lifting or pushing, carrying anything heavy, running, and 
swimming. Follow all your doctor's instructions about your pump. Once your incision heals, 
you should be able to resume normal daily activities such as bathing and exercising. 

Will I need to wear a bandage over the pump? 

A bandage will be required until your incision heals. After a refill visit, a bandage may be used 
over the area where the needle was inserted. 
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WW others know that I have a pump? 

After your incision heals, the pump will likely protrude slightly from your abdomen. In thinner 
people, it tends to protrude more and in larger people, it is less obvious. Your doctor may be 
able to provide pictures of what the pump looks like in different body types. 

Do I have to wear certain types of clothing? 

This depends on where your pump is placed. You should avoid clothing that would rub or be 
tight over the incision site immediately after surgery. Wear loose, comfortable clothing the 
day of your implant surgery. After the incisions heal, you should be able to wear your normal 
clothing. 

Can I move my pump, e.g. if it is uncomfortable? 

Your pump has been placed with the refill septum facing up so it can communicate with the 
programmer in your doctor's office. Never move, twist or turn your pump (fiddling). This 
may flip your pump or cause damage to the catheter. Either of these may interfere with 
delivery of your medication or require reoperation. However, typical movement should not 
result in damage to the catheter or pump. 

How do I know if my pump still works after I bump it or if I fall? What about my 
catheter? 

A slight bump is unlikely to affect your pump-or catheter. However,-if you hurt yourself when 
you fell, you may have hurt the pump or catheter. If you experience much more pain or 
notice unusual symptoms, contact your doctor immediately. To verify if your pump and 
catheter are working, your doctor or nurse will check the-amount of medication left in the 
pump. If too much is left, they may perform an x-ray or a to verify proper catheter and 
pump position. 

Will my pump set off metal detectors? Is security "wanding" safe? 
It may. And, as some personnel are not familiar with the implant card with which you will be 
provided, you may be asked to show them the pump site. Please consider this when dressing 
for court appointments, air flights and other facilities where metal detectors might be 
encountered. If you need to be "wanded" by security personnel, e.g. at the airport, the pump 
programming will not be affected. 

What should I do if I hear my pump beeping or making noise? 

Your Prometra programmable pump has two alarms. Both alarms use the same beeping tone 
but have a different beep length and different number of beeps in a group. Contact your 
doctor Immediately if you hear these alarms. 

The Low Reservoir Alarm warns you when the medication in the pump reservoir gets below a 
certain volume. Your doctor can set this volume, and the alarm can be turned on using the 
programmer. If the alarm is on and the reservoir volume gets low, the pump sounds two 
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short beeps every 30 minutes. The alarm continues to sound until your doctor turns it off 
using the programmer or refills your pump. 



The Critical Error Alarm indicates that the pump has stopped delivering medication. The 
pump sounds three long beeps every 30 minutes. This alarm occurs any time the pump is not 
delivering medication, including a low pump battery. Once the Critical Error Alarm has 
occurred, the pump stops pumping medication. Your doctor cannot turn off the alarm with 
the programmer. Your pump will keep beeping until it is replaced or until the battery runs 
completely out of power. There is no way to replace the battery only. The pump must be 
disconnected from the catheter and replaced. A new pump can be implanted and connected 
to the original catheter. Contact your doctor as soon as possible to schedule pump 
replacement surgery or to assess therapy alternatives. 

Will the use of cell phones, a microwave oven, or other household electrical devices 
interfere with my pump? 

No. Your pump is designed so that cell phones, microwaves, or other household appliances 
and items that you may use in your normal daily life will not affect it. If you suspect 
interference with your pump, move away from or turn off the electrical device. Your pump 
will not be permanently affected. 

Do pressure changes affect my pump ? 

The Prometra programmable pump has a special design which isolates the drug reservoir 
from most pressure changes, making it immune to most pressure changes. You are free to 
enjoy, with your doctor's permission: 



• Flying 

• Mountain hikes up to 10,000 feet 

• Skiing up to 10,000 feet 

• Snorkeling within 15 feet of the surface 

• Swimming within 15 feet of the surface 

These activities are SAFE and WILL NOT AFFECT YOUR PUMP. Always consult your doctor first 
about any other activities not listed here. 



PATIENT GUIDE 

For Prometra* Programmable Pump and Intrathecal Catheter 



Page 15 of 22 

w'"- 48 



Altitude vs. Flow Rate Accuracy 
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Activities such as scuba diving or hy^nBrbaric therapy may'catise the pump to temporarily stop 
delivering drug. When ybu return to normal atmospheric pressure, your pump vyiH resume 
Its programmed drug delivery; Discuss these activities with your doctor to see if ypu cart 
saiFeiy be without your drug during scuba diving or hyperbaric therapy. 



Do terhperidture changes aff^ect my pump? 

The Prprtlitra prograrnm^ a special design which Isoldes the dmi reservoir 

from most temperature changes, mialking it ftnmunc to most tempemture tihaitgies. You are 
free to ehjby^ with your doctor's pemilssioh: 



• Hot tubs 

• Whirlppol baths 

• Saunas 



These aetivities are SAFE and WILL NOT AFFECT YOUR PUjVIP. Always consult your doctor first 
about any other therapies not listed here. 



PATIENT GUIDE 

For Prometra* Programmable Pump and Intrathecal Catheter 



Page 16 of 22 




Tempeiratureys. Flow Rate Aecurac/ 



105N 
104K 
103% 
102K 

t 

"5 ; 101% 
I 

• lODK 

98» 
,97% 
965* 
95* 



Lc;c than 
I'-: fsctcr/ 
mors drug 





.... »^ 



M 95 96 97 98 99 1<» 

TcmpCTBha-erj), 



101 102 103 104 105 



Even temperature-rdated therapies such as deep heat therapy, e g^ 

the operation of the pUmp. Always consult your doctor first about any other activities not 

listed here. 



Can I travel with my pump? 

The,Prometra programmable pump provides ydu with the free^^ Let your doctor 

know if you plan to travel so that pump refill arrangements can be made; if necessary. Also, 
your doctor can advise you of a doctor in the area you are traveling to in case you haveany 
problems. 

What should I do if I move? 

Contact your doctor to ask for help firiding a new pump hfiahagement physician vyhp can 
perf6rm,your refills, then, when you have your new address, please contact Gu^omer Care 
at 973426-9229 so we can update our database in case we need to contact you. 

Who do I need to tell about m pump and catheter implant? 
You need to tell all medical personnel abput your implant- This includes doctors, nurses arid 
medical technicians, such as MRI pr X-ray technicians. Knowing abput the implant may 
change their treatrnent or how they conduct or interpret a medical test. To ma^e this easy 
for wou, you will receive ah implant card that contains important Information aboi^^your 
Prometra programmable pump and intrathecal catheter. Youi^ implant card should be earned 
with you at all timeS; 
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What do I do if I have a question or suspect a problem? 

If it is an emergency, always call 911. If you have pain, fever, chills, shortness of breath or 
dizziness, contact your doctor innmediately. Also, if your pain increases or worsens, contact 
your doctor immediately. If you have any questions or suspect a problem, please contact 
your implanting or pump management doctor immediately. 

Clinical Studies 

The performance and safety of the Prometra Pump was examined in an open-label, non- 
randomized, multi-center study. This study was designed to demonstrate the accuracy and 
safety of the pump's delivery of Infumorph into the intrathecal space. 

The goal of the study was to demonstrate accuracy of drug delivery is within the range of 85- 
115% through six months post implantation. Additionally the safety profile was evaluated, as 
determined by the rate of device-related serious adverse events and device complications. 

A total of 110 Patients enrolled in the study were implanted with the Prometra Pump. 
Patients eligible for enrollment were suffering from cancer pain requiring strong opioids, 
chronic, non-malignant pain, or required an implantable pump system replacement due to 
malfunction or battery depletion. 

Patients were followed monthly for the first 6 months post implantation. During each 
monthly follow-up visit, the pump was refilled and infused volumes of medication were 
documented. Drug delivery accuracy and adverse events were documented at the monthly 
visits. 



Results 

The goal of the study was achieved. The accuracy of drug delivery was found to be 96.8% 
with a 90% confidence interval of 95.5% - 97.7%. This met the required range of 85% - 115%. 

Adverse Events reported during the study are shown in Table 1. 



Table 1: Adverse Events Reported as Possibly, Probably, or Definitely Related to the 
Device or Study Procedure 



Syste 



'"'^^Orl 



^Breferredaiierm^gigrlr^ 



Gastrointestinal Disorders 



Nausea 



Vomiting 



15 (14) 



8(7) 



General Disorders and 
Administration Site Conditions 



Implant Site Pain 



Implant Site edema 



Implant Site Erythema (redness) 



Implant Site Swelling 
Pain 



20 (18) 



11 (10) 



9(8) 



A(1L 
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Svstem-OpeanlG ass^^^Sfi-^^B'^M 


^^^^Rreferred.4FermSil^^^ 






Implant Site Inflammation 


3(3) 


Drug Withdrawal Syndrome 


2(2) 


Implant Site Haemorrhage 


2(2) 


Pyrexia (fever) 


2(2) 


Tenderness 


2(2) 


Infections and Infestations 


Incision Site Infection 


4(4) 


Injury, Poisoning and Procedural 
Complications 


Procedural Pain 


37 (34) 


Post Lumbar Puncture Syndrome 


9(8) 


Wound Secretion 


9(8) 


Seroma (pocket of fluid) 


4(4) 


Wound Dehiscence (re-opening) 


3(3) 


Musculoskeletal and Connective 
Tissue Disorders 


Back Pain 


2(2) 


Pain in Extremity 


2(2) 


Nervous System Disorders 


Headache 


8(7) 


Dizziness 


3(3) 


Intracranial Hypotension 


2(2) 


Skin and Subcutaneous Tissue 
Disorders 


Dermatitis Contact 


5(5) 


Pruritus (itching) 


2(2) 


Scab 


2(2) 


SurgicaJ and Medical Procedures 


Surgery^ 


10 (9) 



Adverse Events with incidence oM% or less. Tinnitus (ringing in the ears). Abdominal Pain, 
Constipation, Oral Mucosal Blistering, Catheter Site edema, implant Site Bruising, Implant Site 
Effusion, Implant Site Hypersensitivity, Implant Site Irritation, Implant Site Necrosis, Edema 
Peripheral, Hypersensitivity, Extradural Abscess, Implant-Site Cellulitis (infection). Spinal 
Infection Viral, Excoriation, Hip Fracture^ Procedural Nausea, Balance Disorder, Burning 
Sensation, Diplegia (paralysis), Hypoaesthesia (loss of feeling). Neuropathy Peripheral (Nerve 
impairment). Tremor, Dyspnoea (shortness of breath), Respiratory Depression, Ecchymosis 
(bruise). Rash, Haematoma. 

^Event occurred while patient was being treated with a drug other than Infumorph via Prometra System 



Operating Information 
Expected Pump Life 

The Prometra programmable pump has a battery which powers the pump. The normal 
battery life of the pump is a minimum of 10 years at a drug delivery rate of 0.25 ml/day. If 
you receive a higher flow rate, your battery life may be less. If you receive a lower flow rate, 
your pump battery should last longer. The below chart will give you an idea of your pump 
life. If you have any questions, please ask your implanting doctor or pump management 
doctor. 
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The only way you can monitor the activity of your Rrpmetra programmable pump system is by 
, keeping track of how well your symptoms are controlled. Please keep a diary or other daily 
record of your symptom levels, noting your activities immediately preceding an increase or 
decrease in symptoms. Set aside time to regularly discuss your daily record with your doctor 
or refill nurse. Taking an active role in your care will help you to achieve the best symptom 
control. 

Instructions on hbwtb saf gl^disbd device 

The pump can be removed by your doctor in a surgical procedure like the one that was used 
to put the pump into your body. Once your pump Is cim!anted> it vyill be returned to Medasys 
for proper disposal. 

The pump will need to be explanted upon your death. If you are terminally ill, please notify 
your caregiver and primary doctor thatthe pump may explode during cremation and needs to 
rerjiiikid prior^to 
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Warranty 

Medasys, Inc. ("Medasys") warrants to the first purchaser of this product that this product 
will be free from defects in materials and workmanship for a period of one year from the date 
of first purchase, and liability under this limited product warranty will be limited to repairing 
or replacing the defective product, at Medasys' sole discretion, or refunding the net price 
paid. Wear and tear from normal use or defects resulting from misuse of this product is not 
covered by this limrted warranty. 

TO THE EXTENT ALLOWABLE BY APPLICABLE LAW, THIS LIMITED PRODUCT WARRANTV IS IN 
LIEU OF ALL OTHER WARRANTIES, WHETHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT 
LIMITED TO, ANY IMPUED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR 
PURPOSE. IN NO EVENT WILL MEDASYS BE LIABLE TO YOU FOR ANY INCIDENTAL OR 
CONSEQUENTIAL DAMAGES RESULTING FROM YOUR HANDUNG OR USE OF THIS PRODUCT. 

Some states/countries do not allow an exclusion of implied warranties, or incidental or 
consequential damages. You may be entitled to additional remedies under the laws of your 
-state/country. 

Travel or international use 

Th«re are no restrictions on travel. However, you will want to arrange with your doctor in 
advance to obtain the name of a local pump management doctor in case of emergency or 
prolonged vacation requiring a refill. 

Date of Version 

January 2012. 

User Assistance Information 

Please contact us with any questions or comments via either phone, email or the web. We 
always welcome patient input. 

• 973.426.9229 

• customercare@medasyspumps.com 

• medasyspumps.com 

If you wish to write to us, we would love to hear from you. Here is our address: 
Medasys Inc. 

500 International Drive, Suite 200 
Mount Olive, NJ 07828 USA 
T 973.426.9229 
F 973.426.0035 
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Trademarks are the property of their respective owners. 

US and Foreign patents issued and pending. Please consult medasyspumps.com for the most 
up-to-date information. 

© Medasys Inc. 2012. All rights reserved. 

Manufactured for: 
Medasys Inc. 
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Patient: 

Model Serial/bt Implant Date Volume 

Pump 
Catheter 

Pump Location: Catheter Tip Location: 

Catheter Length Implanted: 
Implanting Physician: pLe: 



WARNINC: Patients ihoutd nut undergo MRi or other miigneticthenpics..; 
faiiuft! to empty,the pum|i prior to eKposutc to MRI eiivironiiient coiiiil 
rcsiilt in drug overdosi! M could lelid to serious patient Injury or death.:. 
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PROMETRA® PROGRAMMABLE PUMP 

For use with Intrathecal Catheter 




Caution: Federal Law (USA) restricts this device to sale by or on the order of a physician. 
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Introduction ^ 

The Prometra Programmable Pump is designed to provide controlled delivery of Infumorph to the 
intrathecal space via the separately supplied Intrathecal Catheter. The Prometra Programmer is a 
separately supplied handheld, menu-driven device that enables remote programming of the Prometra 
Pump. 

Note: The use of the terms "medication" and "drug" throughout this document refer to the use of 
Infumorph. 

Contents 

Catheter Contents 

The following components are sterile and non-pyrogenic: 

1 - Catheter, Radiopaque, 1.3 mm OD (4F) x 110 cm x 0.6 mm ID 
1 - Catheter Lock 

1 - Hub, Flushing, 0.6 mm (23G) x 13 mm (0.5 in.) 

1 - Needle, Tuohy, 1.8 mm (15G) x 89 mm (3.5 in.) 

1 - Stylet, Hydrophilic, Flush-Through, 0.43 mm (0.017 in.) x 109 cm 

1 - Syringe, 12 mL, Luer Slip 

2 - Wings, Suture, 90", Angled with: 

2 - Anchors, Angled . 
1 Wing,.Suture, Slit with: 
1 - Anchor, Straight 
Non-sterile components: 
1 - Patient and Physician Information Packet: 
1 - Instructions for Use 
1 - Calculations Guide 

1 - Patient Guide 

2 - Temporary Patient Implant Cards 
1 - Sheet of Device ID Stickers 

1 - Patient Device Tracking Form 

Pump Contents 

The following components are sterile and non-pyrogenk: 
1 - Prometra Programmable Pump 
1 - Needle, Non-Coring, 0.7 mm (22G) x 38 mm (1.5 in.) 
1 - Needle, Catheter Access, 0.9 mm (20G) x 45 mm (1.75 in.) 
Non-sterile components: 
1 - Patient and Physician Information Packet: 
1 - Instructions for Use 
1 - Calculations Guide 

1 - Patient Guide 

2 - Temporary Patient Implant Cards 

PROMETRA* PROGRAMMABLE PUMP 
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1 - Sheet of Device ID Stickers 
l -^ Patielit Device tracking Form 



Description 

CathetefeOescription 

The Inf^thecal Catheter is a singlerpiece, radiopaque, silicone catheter with pre^inserted hydi;pph|lic 
stiffening stylet that is used to assist in placing the catheter. The catheter has a tungsten-fillied tip to 
enhance radiopacity and side-holes gt the tip for dispersion of the infusate into the intrathecal sgace; 
ThVeatheter also features depth markings indicated in centimeters starting 5 qm from the distal end of 
the catHeter> extending to a distance 30 cm from its di$tal eind. The intrathepa! catheter is prpyided" 
with accessories to assist in its placement and fixation at impjant and a radiopaque catheter lock to 
connect the catheter "to the Prometra Programmable Pump, 




Pump Description 

TheiPrometra Pump is a battery-powered, teardrop-ihaped pump with a rigid titaniunn housing and ia 
triple redundancy flow Gontroller system. 
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The tripie redundancy flpvy cont^^^^ the 
flow rate accuracy is independent of normal operating environmental cdhditipns suGh'as altitude, 
temperature and reservrdir volume. 

Once implanted, the device can be Identified by using the progran^rrter to inquire the system. If a 
programmer is not available, the shape of the pump, tear drop access port and raised refill port 
provide features distinct to the Prometra pump for easy identification. 
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Specifications of the Prometra Programmable Pump are: 



Device Longevity 



Pump 



Septum (Refill and CAP) 



External Properties 



Material 



Thickness (nominal) 



Diameter (excluding CAP) 



Average Volume Displacement 



Weight, unfilled 



Drug Reservoir 



Material 



Usable Capacity 



Precision Dosing System 



Material 



Refill Septum 



Septum material 



Access needle 



Catheter Access Septum 



Septum material 



Access needle 



Baaerlal filter 



Material 



Pore size 



Flow Rate 



Range 



Accuracy 



Refill Interval 



10 years at 0.25 mL/day 



1000 punctures maximum 



Titanium Polyphenylsulfone access 
ports 



20 mm 



69 mm 



100 mL 



150 g 



Titanium 



20 mL 



Titanium 
MP35N alloy 
Stainless steel 
Silicone rubber 



Silicone rubber 



Huber point, 22G non-coring 
needle 



Silicone rubber 



Lancet point with side hole, 20G 



Polyvinylidene fluoride 



0.22 micron 



0-28.8 miyday 



95.9-97.7% (90% confidence limit) 



Not more than 90 days 



The pump is supplied with a Catheter Access needle and a non-coring Refill needle for priming the 
pump at implantation. The Patient Information packet contains a patient guide and two patient 



PROMETRA* PROGRAMMABLE PUMP 
INTRATHECAL CATHETER 



Page 6 of 29 



6 



implant cards to be completed and given to the patient. Additionally, a federally-mandated patient 
device tracking form is included. 

Indications 

The Prometra Programmable Infusion System is indicated for intrathecal infusion of Infumorph 
{preservative-free morphine sulfate sterile solution) or preservative-free sterile 0.9% saline solution 
(Sodium Chloride Injection, USP). 

Drug Information 

Refer to the Infumorph labeling for a complete list of indications, contraindications, warnings, 
precautions, dosage administration information and screening procedures 

Contraindications 

Implantation of this device is contraindicated when: 

• The presence of infection is known or suspected. 

• The patient's body size or anatomy is insufficient to accommodate the size of the implanted pump 
or catheter. 

• The pump cannot be implanted 2.5 cm (1 in.) or less from the surface of the skin. Deeper implants 
could interfere with septum access or telemetry. 

• The patient Is known or is suspected to be allergic to materials contained in the catheter: silicone 
elastomers, barium sulfate, tungsten, polyacetal resin, ink, stainless steel, hydroglide hydro gel 
coating, or plastic needle hubs (polypropylene and acrylic based). 

• The patient is known or is suspected to be allergic to materials contained in the pump: titanium, 
silicone elastomers, polyphenylsulfone, silicone adhesive, polyvinylidene fluoride, MP35N metal 
(nickel-cobalt-chromium-molybdenum alloy), or stainless steel (AL29-4, 316L), 

• The patient has exhibited a prior intolerance to implanted devices. 

• The patient has a spinal column anatomy that would obstruct cerebrospinal fluid flow or that 
would prevent intraspinal drug administration. 

• The patient has emotional, psychiatric or substance abuse problems that are deemed to prohibit 
intrathecal drug administration. 

• Contraindications relating to Infumorph must be observed and followed per the approved drug 
labeling. 

Warnings 

General 



WARNING: USE OF UNAPPROVED DRUGS (e.g., DRUG COCICTAIIS, PHARMACY-COMPOUNDED 
DRUGS, MORPHINE WITH PRESERVATIVES, ETC.) WITH THE PROMETRA PUMP COULD RESULT 
IN PUMP FAILURE AND/OR SERIOUS ADVERSE EVENTS INCLUDING DEATH. 
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WARNING: PATIENTS SHOULD NOT UNDERGO MRI OR OTHER MAGNETIC THERAPIES. FAILURE 
TO EMPTY THE PUMP PRIOR TO EXPOSURE TO MRI ENVIRONMENT COULD RESULT IN DRUG 
OVERDOSE THAT COULD LEAD TO SERIOUS PATIENT INJURY OR DEATH. 



Prior to infusion of Infumorph into the catheter, medical personnel should be familiar with and 
observe all warnings, cautions, contraindications, and instructions as specified by the drug 
manufacturer. 

Patients should not undergo hyperbaric therapy since exposure could result in drug underdose. 
Always select and program dosages consistent with the Infumorph® labeling to prevent improper 
drug administration. 

In the event of over-medication, refer to the approved Infumorph labeling for appropriate 
treatment. 

Clinicians implanting, programming, accessing, or maintaining implanted programmable pumps 
must comply with the instructions for use. Technical errors may result in a return of underlying 
symptoms, drug withdrawal symptoms, or clinically significant or fatal overdose. 
The Intrathecal Catheter and Prometra Programmable Pump components are supplied sterile and 
non-pyrogenic. The packages should be examined carefully prior to opening. Do not use the 
contents if there is any evidence of damage to the package or package seal that could compromise 
sterility. Do not resterilize contents of any damaged or opened packages. 
After use, this device is a biohazard. Handle and dispose of in accordance with accepted hospital 
practice and all applicable laws and regulations. 
Do not incinerate or cremate the pump. 

Do not expose the pump to temperatures above 57'C (134.6'F) or below 2'C (35.6°F). 
The patient has an occupation where he/she would be exposed to high current industrial 
equipment, powerful magnets or transmitting towers, such as, electricians, electrical engineers or 
MRI technicians. 

Preparation for MRI Procedure 

IF AN MRI PROCEDURE IS NECESSARY, THE PUMP MUST BE EMPTIED of drug solution, not refilled 
and the PUMP PROGRAMMED TO 0.0 ML DRUG FLOW RATE prior to entering the environment of 
the MRI. FAILURE TO EMPTY THE PUMP PRIOR TO EXPOSURE TO MRI ENVIRONMENT COULD 
RESULT IN SERIOUS PATIENT INJURY OR DEATH. 

Prior to initiating the MRI procedure, the physician should determine if the patient could safely be 
deprived of pain medication for the length of the procedure. If pain medication is needed, then 
alternate means of drug delivery (such as I.V. administration) should be employed for the duration 
of the MRI procedure. 

THE PUMP CANNOT BE USED AFTER EXPOSURE TO MRI. 

IF AN MRI PROCEDURE HAS BEEN UTILIZED THE PUMP SHOULD BE EXPLANTED. 
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Precautions 

General 

• Carefully read all instructions prior to use. Follow all instructions. 

• Certain equipment may cause electrical noise, which may interfere with programming. If 
suspected, move the patient from the suspected source of interference to facilitate the 
programming procedure. Examples of equipment that may cause interference include cathode ray 
tube (CRT) monitors and large electric motors. 

• Do not use accessories that are not referenced in these instructions for use. Only use devices and 
accessories that are referenced for use with the Prometra* Programmable Pump in these 
instructions. 

. Safety and effectiveness for use in pediatric patients under 22 years old has not been investigated 
or established. 

. The effects of implanting this device in patients with other implanted medical devices, other than 

neurostimulators, are unknown. 
. Pain on injection that was not noted during previous injections may be an early sign of infection. 

Implant 

. Implantation of this device and subsequent use, reprogramming, and refill should only be 

conducted by qualified medical personnel specifically trained for surgical implantation, use, and 
maintenance of the device. Use of this device by non-qualified or untrained personnel could lead 
to serious consequences involving under- or over-dosage of Infumorph. In the event of over- 
dosage refer to the approved Infumorph labeling for appropriate treatment. 

. The pump and catheter system should be implanted carefully to avoid any sharp or acute angles, 
which could compromise the patency of the catheter lumen. 

. Over-pressurization can damage the catheter. Small syringes can generate very high pressures and 
may damage the catheter or catheter connection. Do not use a syringe smaller than 10 mL when 
accessing the catheter access chamber. 

. If therapy is discontinued for an extended period, the pump should be emptied of Infumorph and 
filled with a preservative-free 0.9% sterile saline solution and programmed to a low infusion rate to 
maintain catheter patency. 

Device Compatibility 

. Pump accessories. Only use the Prometra Programmable Pump with the accessories listed in these 
instructions for use. Use of alternate accessories may result in damage to Prometra components, 
less than adequate therapy, or increased risks to the patient. 

• Pump. Only use with Prometra Programmer. 

. Alcohol. Do not use alcohol on any part of the pump or catheter system. Alcohol is neurotoxic. 
. Contrast media. Do not inject contrast media into the refill reservoir since this may damage the 

pump or impair pump function. 
. External devices. Do not connect any external devices or pumps to the Prometra Pump Pressures 

generated by an external pump could damage the implanted pump/catheter system and result in 

serious patient injury or death. 
. Therapeutic ultrasonics or lithotripsy - Use of therapeutic ultrasonic devices, such as 
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electrohydraulic lithotriptors, has not been tested on the Prometra pump. If lithotripsy must be 
used, do not focus the beam in proximity of the pump. 

• Medical devices. The Prometra Pump Programmer may affect other medical devices. Use or 
interference with medical devices, other than neurostimulators, has not been established. 

• Applied electric currents. Interaction of the Prometra Pump with electric currents applied to the 
body such as cardioversion or defibrillation has not been established. Care must be exercised if the 
patient receives these treatments. Where practical, the pump should be turned off before 
application of electric currents to the patient's body. Confirmation that the pump programming has 
not changed must be carried out as soon as possible after the procedure. 

• Radiation. Do not use radiation therapy in the area of the pump. The effects of ionizing radiation 
on the Prometra Pump have not been established, and these therapies may have effects on pump 
operation that are not immediately apparent. 

Potential Adverse Events 

The use of implanted pumps provides an important means of intrathecally delivering Infumorph. 
However, the potential exists for serious complications including the following: 

Possible Risks Associated with Programmable Implantable Pump: 

• Adverse reaction to pump materials 

• Battery depletion 

• Bleeding 

• Body rejection phenomena 

• Defective pump (e.g. propellant chamber leakage, pump rupture) 

• Inability to locate septum 

• Inability to program pump due to programmer failure or loss of telemetry 

• Inflammation, necrosis, or scarring of skin over implant area 

• Programming errors, resulting in over or under dosing 

• Pump flipping or twisting . 

• Pump implanted too deep, resulting in difficulty accessing or inability to access port 

• Pump migration 

• Pump pocket pain/soreness 

• Pump pocket seroma/hematoma, with or without infection 

• Pump rotation 

• Pump site skin erosion 

• Pump stoppage 

• Refill errors, including injection into pump pocket, injection into wrong port, incorrect volume, 
incorrect concentration, difficulty accessing pump port 

• Septum dislodgement 

• Septum leakage 

• Slow, erratic or fast flovy 

• Software error 



Possible Risks Associated with intrathecal Catheter: 

PROMETRA* PROGRAMMABLE PUMP 
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• Catheter disconnection 

• Catheter Icinking 

• Catheter fracture 

• Catheter migration (unrelated to surgical complication) 

• Cerebrospinal fluid (CSF) leak 

• Disconnection 

• Erosion 

• Fibrosis 

• Infection in intrathecal space, including meningitis 

• Inflammatory mass formation (e.g., granuloma) 

• Malpositioning 

• Nerve damage 

• Pain on injection 

• Poor radiopacity 

• Post dural puncture headache 

• Reaction to catheter materials 

• Reversible or irreversible partial or complete occlusions 

• Spinal cord pressure leading to paralysis 

• Spinal cord trauma, perforation, laceration 

• Subcutaneous catheter tract infection 

• Subcutaneous tunnel infection 

• Tears/breaks 

In rare instances, the development of an inflammatory mass at the tip of the implanted catheter may 
occur, which can result in serious neurological impairment. Patients should be monitored carefully at 
each visit for any new neurological signs or symptoms, including: 

• progressive change in the character, quality, or intensity of pain 

• an increase in the level and degree of pain despite dose escalation 

• sensory changes (i.e., numbness, tingling, burning) 

• hyperesthesia and/or hyperalgesa 

Presentations that require immediate diagnosis include 

• bowel and/or bladder dysfunction 

• myelopathy 

• conud syndrome 

• gait disturbances or difficulty ambulating 

• paraparesis or paralysis 

If the presence of an inflammatory mass is suspected, recommended evaluation should include a 
review of the patient history and neurological evaluation, radiological diagnostic procedures (such as a 
CT scan with contrast) and appropriate clinical consultation. 

Inflammatory mass has been associated with a wide range of doses and concentrations of opioids. No 
dose or concentration of Infumorph can be considered completely free of risk from inflammatory 
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mass. The risk of inflammatory mass occurrence appears to be cumulative over time and increases 
with higher concentrations and doses of opioids. 

Clinical Studies 

The performance and safety of the Prometra Pump was examined in an open-label, non-randomized, 
multi-center study. This study was designed to demonstrate the accuracy and safety of the pump's 
delivery of Infumorph into the intrathecal space. 

The primary endpoint of the study was to demonstrate accuracy of drug delivery is within the range of 
85-115% through six months post implantation. Additional endpoints evaluated the safety profile, as 
determined by the rate of device-related serious adverse events and device complications. 

A total of 110 Patients enrolled in the study were implanted with the Prometra Pump. Patients eligible 
for enrollment were suffering from cancer pain requiring strong opioids, chronic, non-malignant pain, 
or required an implantable pump system replacement due to malfunction or battery depletion. The 
average patient age at implant was 56 years with 54% male and 46% female patients. 

Patients were followed monthly for the first 6 months post implantation. During each monthly follow- 
up visit, the pump was refilled and infused volumes of medication were documented. Drug delivery 
accuracy and adverse events were documented at the monthly visits. 

- Results 

The accuracy of drug delivery was found to be 96.8% with a 90% confidence interval of 95.5% - 97.7%. 
This met the required range of 85% - 115%. 

Adverse Events reported during the study are shown in Table 1. 

Table 1: Adverse Events Reported as Possibly, Probably, or Definitely Related to the Device or 



Study Procedure 



SVsternIb?|gan j*Class3?^-ji.'^,/'i i'^i'-i-^^ : 


Hv^";Rreferrediferrh^iA "^^t^ 


■:;: *c::N^(%). •,/••> 


Gastrointestinal Disorders 


Nausea 


15 (14) 


Vomiting 


8(7) 


General Disorders and 
Administration Site Conditions 


Implant Site Pain 


20 (18) 


Implant Site edema 


11 (10) 


Implant Site Erythema 


9(8) 


Implant Site Swelling 


4(4) 
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System Organ; Class' - ->.; v' 


.-..iC &fci,:fP.referred^Term. .-.o 


i - .'.L-N l>o}- . , -J- 




Pain 


4 (4) 


Implant Site Inflammation 


3(3) 


Drug Withdrawal Syndrome 




Implant Site Haemorrhage 


2(2) 


Pyrexia 


2(2) 


Tenderness 


2(2) 


Infections and Infestations 


Incision Site Infection 


4 (4) 


Injury, Poisoning and Procedural 
Complications 


Procedural Pain 




Post Lumbar Puncture Syndrome 


9 18] 


Wound Secretion 


O /OA 

9 (8) 


Seroma 


4 (4) 


Wound Dehiscence 


3 (3) 


III*.! I ^ M^' 

MusculoskeletaLand Connective 
Tissue Disorders 


oack ram 


^ W 


Pain in Extremity 


2(2) 


Nervous System Disorders 


Headache 


8(7) 


Dizziness 


3(3) 


LnfT^rranial Hv/nntpncion 
lllLi d(.i oiiiai ny ici 1 jiuii 


2 (2) 


Skin and Subcutaneous Tissue 
Disorders 


Dermatitis Contact 


5(5) 


Pruritus 


2(2) 


Scab 


2(2) 


Sur^icai-and Medical Procedures 


Surgery^ 


10 (9) 



* Surgery to replace or revise intrathecal catheter 



Adverse Events v/ith incidence of 1% or less. Tinnitus, Abdominal Pain, Constipation, Oral Mucosal 
Blistering, Catheter Site Edema, Implant Site Bruising, Implant Site Effusion, Implant Site 
Hypersensitivity, Implant Site Irritation, Implant Site Necrosis, Edema Peripheral, Hypersensitivity, 
Extradural Abscess, Implant Site Cellulitis, Spinal Infection Viral, Excoriation, Hip Fracture^ Procedural 
Nausea, Balance Disorder, Burning Sensation, Diplegia, Hypoaesthesia, Neuropathy Peripheral, Tremor, 
Dyspnoea, Respiratory Depression, Ecchymosis, Rash, Haematoma. 
^Event occurred while patient was being treated with a drug other than Infumorph via Prometra System 

Equipment 

• Prometra Programmable Pump 

• Intrathecal Catheter 

• Tunneler 

• Prometra Pump Programmer (Not Sterile) 

The following items may be needed and are not provided: 

• Sterile Programmer Sleeve 

• Sterile preservative-free 0.9% saline 

• Infumorph solution (infusate) for refill, not to exceed 20 mL 
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SUMMARY OF SAFETY AND EFFECTIVENESS DATA (SSED) 



GENERAL INFORMATION 



Device Generic Name: 



Device Trade Name: 



Applicant's Name and Address: 



Implantable Infusion Pump 

Prometra® Programmable Infiision Pump System 

Medasys, Inc. 

500 International Drive, Suite 200 
Mount Olive, NJ 07828 



Date of Panel Recommendation: 



None 



PMA Number: 

Date of Notice of Approval: 



P080012 
Februaiy 7, 2012 



Expedited: Not Applicable 

n. INDICATIONS FOR USE 

The-Prometra® Programmabk Infusion Pump System is indicated for intrathecal infusion 
of Infumorph (preservative-free morphine sulfate sterile solution) or preservative-free 
sterile 0.9% saline solution (Sodium Chloride Injection, USP). 



III. CONTRAINDICATIONS 

Implantation of this device isxontraindicated when: 

a. The presence of infection is known or suspected. 

b. The patient's body size or anatomy is insufEcient to accomanodate the size of the 
implanted pump or catheter. 

c. The pump cannot be implanted 1 in. (2.5 cm) or less from the surface of the skin.. 
Deeper implants could interfere with septum access or telemetry. 

d. The patient is known or is suspected to be allergic to materials contained in the 
catheter: silicone elastomers, barixmi sulfate, tungsten, polyacetal resin, ink, stainless 
steel, hydroglide hydro gel coating, or plastic needle hubs (polypropylene and acrylic 
based). 

e. The patient is known or is suspected to be allergic to materials contained in the pump: 
titanium, silicone elastomers, polyphenylsulfone, silicone adhesive, polyvinylidene 
fluoride, MP35N metal (nickel-cobalt-chromivun-molybdenum alloy), or stainless 
steel(AL29-4,316L). 

PMAP0800I2: FDA Summary of Safety and Effectiveness Data Page i 



f. the patient has exhibited a prior intolerance to implanted devices. 

g. The patient has a spinal column anatomy that would obstruct good cerebrospinal fluid • 
flow or that would prevent intraspmal drug administration. 

h. The patient has emotional, psychiatric or substance abuse problems that are deemed 
to prohibit intrathecal drug administration, 

i. Contraindications relating to Infumorph must be observed and followed per the 
approved drug labelLag. 

IV. WARNINGS AND PRECAUTIONS 

The warnings and precautions can be found in the Prometra® Programmable bifusion 
Pump System labeling. 

Warnings and precautions relating to Infumorph must be observed and followed per the 
■ approved drug labeling. 

V. DEVICE DESCRIPTION 

The Prometra Implantable Pump components consist of the following devices: 

• Prometra Programmable Punip 

• Intrathecal Caflieter 

The Prometra Implantable Pump accessories consist of the following: 

• Prometra Progranmier 

• Tvmneler 
- RefiU Kit 

• Catheter Access Port (CAP) Kit 
Prometra Programmable Pump 

The Prometra Programmable Pump is a sterile, battery-operated, teardrop-shaped 
implantable, programmable infiision pump, with a rigid titanium housing and tnple 
redundancy flow controller system, that dispenses Infumorph mto the mtrathecal space 
through an implanted infusion catheter. All functions of the system (e.g., dosmg) are 
controlled externally using a hand-held, battery-operated programmer. The Prometra 
Pump (FIGURE 1) contains a metal bellows drug reservoir with a capacity of 20 
milliliters (mL). The reservoir propellant is stored within the rigid housing surroundmg 
the bellows and provides the driving pressure for the pump. The driving pressure on the 
reservoir forces the Infumorph through an outlet filter (0.22 pm), and into an 
electronically controlled flow metering valve-accumulator subsystem. The Infumorph 
passes from die flow metering subsystem, into the catheter access port then mto the 
catheter for delivery to the intrathecal space. The specifications of the PromeHa Pump 
are listed in Table 1 . 
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Access P o rt 



C. e n te r S e p tu m 



B a tte ry 




R e s e rv o ir 



S u t u re A n c h o r 



FIGURE i: iPromett^ P«mp 

Table 1 - Specifications of the Prometra Progiainmable Pump 
device L^iigeyi^^ 

10 years at 0.25 mL/day 
1000 punctines maximum 

TitaniumPblyphenylsulfone access ports 

20 mm 
69 rnm 
100 mL 
150 g 

Titanium 
20 mL 



Septum (itefiU ana PAP) 
EirtjeiiQ^ Properties 
Ntaterial 

Thickness (nominal) 
Diametier (excluding CAP) 
Average Volume Displ£u:ement 
Weight, unfilled 
Dnig Reservoir 
Material 
Usable Capacity 
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JPfecision Posing Systeim 
Dose Dispenser Voliime 
Material 

Refill iSeptam 

Septum material 
Access needle 
Catheter Access Septundi 
Septum material 
Access rieedie 
Bacterial filter 
Material 
Poi::e size 
Flow R^te 

Range 
Accuracy 
Refill Interval 



2mcL 

Titanium, MP3,5N alloy, Stainless steel, 
and Silicone rubber 

Silicone rubber 

Huber point, 22G non-coring needle 
Silicone rubber 

Lancet point with side hole, 20G 

Polyvinylidene fluoride 
0.22 micron 

0-28.8 mL/day 

95.9-97.7% (90% confidence limit) 
No more than 90 days 



Catheter 

The Intrathecal Catheter (FIGURE 2) is a sterile, single-piece, radiopaque, silicone 
catheter with a pre-inserted hydrophilic stififening stylet that is used to assist in placing 
the catheter. The catheter has a tungsten-filled tip to enhance radiopacity and side-holes 
at the tip for dispersion of the infiisate into the intrathecal space. The catheter also 
features depth markings indicated in centimeters starting 5 cm firom the distal end of the 
catheter, extending to a distance 30 cm fi-om its distal end. The intrathecal catheter is 
provided with accessories to assist in its placement and to secure at implant. It has a 
radiopaque catheter lock to secure the catheter onto the stem of the Prometra 
Progranunable Pump. 



Radiopaque 
Tin 




FIGURE 2: Medasys Intrathecal Catheter 



Accessories . 

The accessories of the implantable components are limited to the programmer, tunneler, 
and kits which provide the necessary components for programming the pump, refilling 
the pump, and accessing the catheter via the catheter access port. ' ^ 
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PrograiDamer 

m Prdffletra Programmable Pump is Bon-sterile and can be prograinraed with toe 
Prometra Programmer ^GURE 3) to deliver a precise flow pf medication ^t a constant 
orvariable rate, or it can be setto peribdieally deUver a drug dosage at distinct mtervals 
of time (i,ei,.Periodic Flow Mpde), 

There is also an option to interrupt the purap's current medication regimen and deUVer an 
iromediate infusion of medication (Dettiand Bolus). 



LCD Panel 




GtettBotton I Inqiire Button 

Power BattoB 

FIGURE S: Proinetra Programmer 



Tuniaeler , . • 

Ihe tunneler is used for subcutaneous placement of the Intrathecal Catheter. It is a 
sterile, malleable stainless steel tunneler with a pointed tip to penetrate subcutaneous 
tissue and a threaded end or attachment to the Intrathecal Catheter. 

RefiU Kit , 

The refill kit is sterile and provides the components arid instructions necessary to access 
the pump reservoir to empty and fill the Prometra Programmable Pump. The refill kit 
includes: 

2 - Adhesive Bandages, Round 
1 - Calibrated Syringe Barrel, 12 mL 
1 - Syiinge Cap 
1 - Stopcock 

1- CSRWrap 

1 - Extension Tubing, 20 cm (8 in.), with Clamp 
■ 1 - Fenestrated Drape 
1 - Filter, 0.22 micron 

4 - Gauze Pads, 10 cm x 10 cm, (4 in. x 4 in.) 

2 - Non-Gpring Needles, 0.7 mm (22G)x 38 mm (1.5 m.) 
1 - Refill Template 
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Catheter Access Port Kit 

The catheter access port kit is sterile and provides the components and instructions 
necessary to access the catheter access port of the Prometra Programmable Pump: 
The catheter access port kit includes: 

2 - Adhesive Bandages, Roimd 

1 - CSR Wrap 

1 - Fenestrated Drape 

1 - Extension Tubing, 20 cm (8 in.), with Clamp 
1 - Filter, 0.22 micron 

4 - Gauze Pads, 1 0 cm x 10 cm (4 in. x 4 in.) 

1 - Needle, Catheter Access, 0.9 mm (20G) x 45 mm (1.75 in.) 

1 - Syringe, 1 0 mL, Luer Lock 

1 - Catheter Access Template 

The drug chamber is refillable and is percutaneously accessed via the centrally-located 
• access port using a 22-gauge non-coring needle. TTie catheter access port is located on 
the periphery of the pump to allow for direct access to the catheter without interfering 
with the drug reservoir. The catheter access port can be used to evaluate catheter patency 
or catheter placement. 

VI. ALTERNATIVE PRACTICES AND PROCEDURES 

There are several other alternative forms of treatment with drugs including use in 
conventional routes of administration: oral, intramuscular, intravenous, percutaneous, 
transdermal; or treatment with other commercially available implantable infusion pumps. 
Other altematives-also include sympathetic nerve blocks, transcutaneous electrical nerve 
stimulation (TENS), spinal cord stimulation, anti-inflammatory agents, or steroids. Each 
alternative has its own advantages and disadvantages. A patient should fully discuss 
these alternatives with his/her physician to select the method that best meets expectations 
and lifestyle. 

Vn. MARKETING HISTORY 

The Prometra® Programmable Infusion Pump System has not been marketed within the 
United States. The device has received marketing approval in the European Union. The 
device has not been withdrawn from marketing for any reason relating to the safety or 
effectiveness of the device. 

Vni. POTENTIAL ADVERSE EFFECTS OF THE DEVICE ON HEALTH 

Below is a list of the potential adverse effects (or risks) related to the use of the pump 
and/or catheter includes, but is not limited to, the following conditions: 

Possible Risks Associated with Programmable Implantable Pump 

• Adverse reaction to pump materials 

• Battery depletion 

• Bleeding 
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• Body rejection phenomena 

• Defective pump (e.g. propellant chamber leakage, pump rupture) 

• Inability to locate septum 

• Inability to program pump due to programmer failure or loss of telemetry 

• hiflammation, necrosis, or scarring of skin over implant area 

• Programming errors, resulting in over or imder dosing 

• Pump flipping or twisting 

• Pump implanted too deep, resulting in difficulty accessing or inability to access port 

• Pump migration 

• Pump pocket pain/soreness 

• Pump pocket seroma/hematoma, with or without infection 

• Pump rotation 

• Pump site skin erosion 

• Pump stoppage 

• Refill errors, including injection into pump pocket, injection into wrong port, 
incorrect volume, incorrect concentration, difficulty accessing pump port 

• Septum dislodgement 

• Septvmi leakage 

• Slow, erratic or fast flow 

• Software error 

Possible Risks Associated with Intrathecal Catheter 

• Catheter disconnection 

• Catheter kinking 

• Catheter firacture 

• Catheter migration (unrelated to surgical complication) 

• Cerebrospinal fluid (CSF) leak 

• Disconnection 

• Erosion 

• Fibrosis 

• Infection in intrathecal space, including meningitis 

• Inflammatory mass formation (e.g., granuloma) 

• Malpositioning 

• Nerve damage 

• Pain on injection 

• Poor radiopacity 

• Post dural puncture headache 

• Reaction to catheter materials 

• Reversible or irreversible partial or complete occlusions _j < i . ; 
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• Spinal cord pressure leading to paralysis 

o Spinal cord trauma, perforation, laceration 

• Subcutaneous catheter tract infection 

• Subcutaneous tunnel infection 

• Tears/breaks 



SIIIVtMARY OF PRECLINIC AL STUDIES 

Verification Activities . j . ^* +1,0^+1,^ 

Product and component verification testing was completed to demonstrate that the 
fir^shed device performs in accordance with design specifications. A comprehens ve hst 
of verification activities is contained in the Design Verification Matrixes. The section 
below provides an overview of these verification activities. 

FlTaSumS'oT&e pump at constant flow, multiple rate and demand bolus progmms 
demonstrated performance that met product flow accuracy specifications^ Flow testmg at 
temperature (35-40°C), pressure ranges (10.1 - 16 J psig) ^ l'^^^^. . 

characterized the affects on performance. These affects are shown m FIGURES 4-6. 





Temperature vs. Flow Rate Accuracy 
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Altitude vs. Flow Rate Accuracy 
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Drug Refill Reservoir 
Pressure vs. Volume 
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FIGURE: 6 



Qmlifications inciuded life testing of the dmg metering system and pump battery, 
reisiilts of these evaluations are shown iii FIGURE 7. 



The 



. ! I .I < ; 
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" FIGURE: 7 

Gdiiipdiieiit Qualiificatioiis 

Qualification testing verified performance of the components within pumps, including the 
bellows, refill, and catheter access port (CAP) septuins. Average septimi puncture life 
was demonstrated at greater than 1000 punctures for both the Refill and CAP. 

Catheter testing included assessment of mechanical and fimetional characteristics, in 
addition to the connection mtegrity with pump system. Connection strengths of > I . lib 
were demonstrated between the catheter and pump connection. 

Drug Compatibility and Stability 

In-vitro Drug stability and compatibiUty testing performed on the pump indicates that 
Infimiorph is stable for 90 days. 

In-vitro stability was evaluated with the pump/catheter operating at 37°C over subsequent 
refill periods. The pump and catheter were evaluated regarding flow performance and 
stability of Infimiorph. 

The study observed acceptable results for assay, degradation products, impurities, 
leachables and extractables. 

When first filled, the Pipmetra Pump has a small amount (2-3ml) of sterile water in the 
pump. As a result, there is an approximate 13% dilution of morphine sulfate in the initial 
filling ofthe 20mL drug reservoir. 

Electrical Safety 

Electrical engineeriiig review of electronic components, including battery, valve, 
programmer, and electronic assemblies, demonstrated that electrical safety was ^- " 1 7 
adequately demonstrated through the life of the device; 
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Data demonstrated compliance with electrical safety standard, EEC 60601-1, 2" edition. 



Electromagnetic Compatibility - , ^ r-. 

The Prometra Programmable Pump System contains two devices that mclude Electromcs 
and Software; the Prometra Programmable Implantable Pump and Programmer. The 
programmer communicates with the pump through magnetic induction, which transmits 
dmg delivery instructions from the programmer to the pump and delivery information 
from the pump to the programmer. All communication functions are initiated and 
controlled through the programmer. 

The Prometra Programmable Pump and Programmer communication is performed by 
magnetic inductance through near field magnetic induction pulses. This communication 
is wireless in that it utilizes electromechanical waves ratiier than wire conductors for its 
communication linkage. This Pump/programmer telemetry is accomplished by the 
transmission of a series of magnetic pulses to and from the pump. 

It was demonsti-ated that tiie device meets the following standards: 

• lEC 60601-1 (Medical electrical equipment - Part I: General requirements for 
safety), 

• lEC 6060 1 - 1 -2 :200 1 (Electromagnetic emissions and immunity requirements for 
medical electrical equipment - Group 1 Equipment, Class B for non-life supporting 
equipment). 

The pump-and programmer were tested for radiated emissions, conducted emissions, 
■ radiated radio-frequency immunity, electrical fast transient immunity, electi-ostatic 
discharge immunity, surge immunity, conducted radio frequency immunity, magnetic 
field immunity, voltage dips and interrupts immunity, and harmonic emissions and 
voltage fluctuations/flicker tests. 

Magnetic Resonance Imaging (MRI) Compatibility , , 

FDA reviewed testing performed to demonsti^te the effects of a static magnetic field, 
pulsed gradient magnetic fields, and radiofi^quency pulses on the device, as well as MRI 
image artifacts caused by the device. 

Testing was performed at 1 .5 Tesla magnetic field. 

Based on the heating study, a temperattire increase of 2°C was observed after 15 minutes 
of RF application. Without the pump in place the temperatiire mcrease was 1°C. The 
Specific Absorption rate (SAR) for this apphcation was about 1.5 W/Kg. 

Based on the study report, the pump was found to have a significant magnetic deflection 
effect and also caused severe image artifacts. The pump deflected by 88°. Accordingly, 
this device did not pass the ASTM criteria of 45°. The qualitative torque measured was 
+4 (very strong torque) and is considered a significant risk in the MRI environment. 



2 



A signal void is caused by the device approximately 400 to 600 cm 
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The device is MR Unsafe. 



See the warnings in the physician and patient instructions for use regarding necessary 
steps that must be taken should an MRI be needed for a patient implanted with the 
Prometra® Programmable Infusion Pump System. 

Computed Tomography (CT) Compatibility 

The implanted pump and catheter system were evaluated for compatibility with CT scans. 
The pump samples under test were programmed to a flow rate of 28mL/day, and, 
implanted into a torso model. The catheter tip was placed in the spinal segment Tl 1-T12 
of the model. 

The CT scan focused on a 4-5inch length around the catheter tip. Scan settings are 
summarized in Table 2 below. 



Fable 2 - CT Scan Settin 


?s 


Scanner 


Toshiba - Aquillon 64 


Pump Sample 


#1 


#2 


#3 


Scan Mode 


Helical 


Helical 


Helical 


Total mAs in Study 


5092 


1329 


1324 


Total Scan Time (s) 


82.36 


17.86 


17.86 


Total DLP (riiGy-cm) 


50.5 


275.9 


271.7 



Biocompatibility 

The implanted pump system consists of a subcutaneously implanted pump and implanted 
intrathecal catheter, and is categorized as a permanent implant in contact with 
tissue/bone. 

The components of the device in direct and indirect contact with the tissues are discussed 
below. 

Direct tissue contact components: 

Pump - titanium, silicone elastomers, polyphenylsulfone, and silicone adhesive. 
Catheter - silicone elastomers, barium sulfate, tungsten, polyacetyl resin, ink and 
stainless steel. 

Indirect tissue (fluid pathway) components: 

Pump - titanium, silicone elastomers, polyvinylidene fluoride, polyphenylsulfone, 
MP35N metal (nickel-cobalt-chromium-molybedenum alloy), stainless steel 
(AL29-4,316L). 

Catheter - silicone elastomers, stainless steel, hydroglide hydro gel coating and plastic 
needle hubs (polypropylene and acrylic based). 

As part of preclinical testing of the Prometra™ Programmable Infusion Pump System, 
biocompatibility studies were conducted to ensure that the components and the finished 
device are safe and perform in accordance with the design specifications. 
Biocompatibility testing was performed following the International Organization for 
standardization (ISO) guidelines ISO 10993, "Biological Evaluation of Medical " ' 
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Devices," and the guidance document released in 1995 by the U.S. FDA Blue Book 
Memoraiduni #G95-1, entitled "Use of International Standard ISO-10993, 'Biological 
Evaluation of Medical Devices*-Pait-I : Evaluation and Testing. " 

The materials that make direct contact wdth tissue/bone and the indirect contacting 
materials were evaluated. The ISO 10993 Standard and the U.S. FDA Blue Book 
Memorandum #G95-1 were used as guidance in determining the appropriate tests for the 
device. 

Tables 3 and 4 lists the tests conducted and the, results for biocompatibUity testing of the 
pump and intrathecal catheter, respectively. 



Table 3 - Biocompatibility Test Results for the Pump 



TEST 


fvesuiis 


L929 MEM Elution Test 
ISO 10993-5 


Pass 


Skin Sensitization Kligman Maxi. 
ISO 10993-10 


Pass 


Reverse Mutation Assay - S. typhimurium and E. coli 
ISO 10993-3 


Pass 


Chromosomal Aberration Assay 
ISO 10993-3 


Pass 


Rodent Bone Marrow Micronucleus Assay (38 animals) 
ISO 10993-3 


Pass 


Intracutaneous Injection 
ISO 10993-10 


Pass 


Systemic Injection 
ISOl 0993-11 


Pass 


Rabbit Pyrogen (Material Mediated) 
Tsmng93-n 


. Pass 


Table 4 - Riocompatibilitv Test Results for the hitrathecal Catheter 


TEST 


Results 


L929 MEM Elution Test 
ISO 10993-5 


Pass 


Skin Sensitization Kligman Maxi. 
ISO 10993-10 


Pass 


Reverse Mutation Assay- S. typhimurium and E. coli • 
ISO10993-3 


Pass 


Chromosomal Aberration Assay ISOl 0993-3 


Pass 


Rodent Bone Marrow Micronucleus Assay (38 animals) 
ISO 10993-3 


Pass 


Intracutaneous Injection 
ISO 10993-10 


Pass 


Systemic Injection 
ISO 10993-11 


Pass 


13 Week Intramuscular Implantation 
ISO 10993-6 


Pass 
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Long term Intramuscular Implantation (26 weeks) 
ISO 10993-6 


Pass 


Rabbit I>yrogen (Material Mediated) 
ISO 10993-11 


Pass 



Package and Sterilization Qualifications 

Qualification testing of the pump and accessories; catheter, tunneler, Refill Kit and CAP 
kit packaging, consisted of environmental stress conditioning including temperature & 
humidity conditions, vibration, and drop testing. Environment exposure testing 
confirmed the pump remains functional after temperature, vibration, and shock exposures 
are applied to the pump. These evaluations demonstrated packaging is acceptable to 
simulated shipping and transit conditions. 

Validation of the pump sterilization (Moist Heat) and accessories sterilization (ethylene oxide 
gas) demonstrates that the sterilization processes achieve a sterility assurance level of 10 . 

Expiration dating for this device has been established and approved for each separately 
packaged component of the Prometra Programmable tofijsion System as follows: 

• . Prometra Pump: 2 years 

• Intrathecal Catheter Kit: 2.75 years 

• Catheter Access Port Kit: 4.91 years 

• Pump Refill Kit: 4.91 years- 

• Tunneler Kit: 4.91 years 



Software Verification and Validation 

Software documentation has been provided as recommended the May 2005, FDA 
Guidance for the Content of Premarket Submissions for Software Contained m Medical 
Devices. 

FDA has reviewed the following software documents: 



able 5 - Software Documentation 



Level of Concern: Major | 




Acceptable | 


Software description: 


Yes 


Device Hazard Analysis: 


Yes 


Software Requirements Specifications: 


Yes 


Architecture Design Chart: 


Yes 


Design Specifications: 


.Yes 


Traceability Analysis/Matrix: 


Yes 


Development: 


Yes 


Verification & Validation Testing: 


Yes 


Revision level history: 


Yes 


Unresolved anomalies: 


Yes 



21 
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Animal Studies 



1. Trial A (Sheep Study) 
Design 

The first groups of animal studies were designed to address multiple objectives, 
including: 

• Qualitatively evaluate the ease of implantation regarding the size/ shape of the 
pump, suture anchors, and connection to catheter, catheter implantation, 
tuimeling, and fixation of catheter. 

• Qualitatively evaluate the instructions for use regarding surgical implantation of the 
pump and catheter and the use of the accessories during tiie implantation process. 

• Qualitatively evaluate the refill and bolus kit procedures related to the ease of use of 
the device and adequate instructions for use regarding these procedures and kits. 

• Evaluate the pump flow rate accuracy as measured clinically; 

• Qualitatively evaluate the ease of use of the programmer; 

• Record conventional post-implant histological assessment of the tissue response 
to the implanted product 

Methods 

A total of three (3) sheep were implanted with the-Erometra Pump Systems. All sheep 
received a continuous intrathecal infusion of 0,9% Sodium Chloride for hijection, USP 
(preservative - free) for 1 2 weeks. Clinical observations were performed daily and 
refill tests once every 28 days. All sheep were euthanized between 12-13 weeks post 
implantation. 

Results 

• ResiJts did not identify problems with the refill and bolus kit procedures. Final 
human factors validation studies were used to determine that use safety risks were 
mitigated. 

• The flow rates for each infusion period for a given animal were fairiy consistent 
from period to period with no more dian a 12 percent difference between the 
calculated flow rates (maxunum and minimimi values). 

• Results did not identify programming difBculty. Final human factors validation 
studies were used to determine that use safety risks were mitigated. 

• The pump in each animal was surrounded by thickened tissue that corresponded 
to fibrosis microscopically (device encapsulation). 

• Study design was not a controlled toxicology study and did not characterize local 
tissue reactions. 

2. Trial B (28 Day Sheep Intrathecal Toxicology Study) 
Design 

This study was designed to provide a detailed neuro-toxicological assessment of the 
Prometra Piraip and catheter system to defmitively characterize the local tissue reaction 
in the intrathecal space compared to the Medtronic Synchromed U Pump and^atheter 2 
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system. Medasys developed a research protocol to evaluate the equivalency of the 
Medasys and Medtronic catheters, including any potential neuro-toxicological effects. 

Endpoint 

The similarity in overall design and construction between the Medasys and Medtronic 
designs should not have dissimilar neviro-toxicological results. 

Methods 

Sixteen (16) sheep were used in this study, of which eight (8) were implanted with the 
Medasys Prometra Pump and catheter and eight (8) were implanted with the Medtronic 
SynchroMed 11 Pump and catheter. Within the Medasys study group, four (4) sheep 
were infused with sterile saline (as a control) and four (4) sheep were infused with 
morphine sulfate (Infiunorph 200, Baxter Healthcare) at a programmed daily dose of 
approximately 6 mg/day. The same control and morphine sulfate infusion scheme was 
used v^th the Medtronic sheep study group. 

Results 

The gross and microscopic changes in animals treated Lntrathecally with either saline or 
morphine using the Prometra system was similar to those produced by the Synchromed 
II system. 

Human Factors 

Simulated Use Testing was performed to validate that the intended design of the_ 
Prometra System meets the needs of the user. The testing involved a review of the 
instructions for use (EFU), the progranrnier technical manual, the implantation ofthe 

pump and catheter, programming the pump for various operations, as well as accessing 

the pump once implanted. 

The final validation study included seventeen (17) representative users. Users interacted 
with the programmer within use scenarios that required'performance of all essential tasks. 
The human factors study was designed in accordance the FDA's Human Factors 
guidance: Medical Device Use Safety: Incorporating Human Factors in the Risk 
Management 

X. SUMMARY OF PRIMARY CLINICAL STUDY 

Medasys, Inc. performed a clinical study with Prometra® Programmable Infiision Pump 
System for continuous intrathecal infusion of Infumorph in the US under IDE # 
G060192. A summary of the clinical study is presented below. 

A. Study Design 

Patients were treated between March 10, 2007 and February 25, 2008. The database 
for this PMA reflected data collected through March 3, 2008 and included 1 10 
patients. There were seven (7) investigational sites. 

This study was an uncontrolled, non-randomized, open-label, one arm, multi-center 
study ofthe Prometra® Programmable Infusion Pump System. Standard statistical 
methods were employed to analyze all data. Assumptions of normality were tested 
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with the Shapiro-Wilks test. If the distributional assumptions were violated, 
nonparametric techniques such as Wilcoxon's Signed-Rank test were employed. 



Primary Objectives 

• To demonstrate that the Prometra® Programmable hifiision Pump System 
accurately and safely delivers Infumorph into the intrathecal space, as 
programmed. 

Secondary Objectives 

• Evaluation of the safety profile of the Prometra® Programmable Implantable . 
Pump System, as determined by the rate of device-related serious adverse 
events and device complications throu^ six-months post-implantation 

• Evaluation of the degree of pain relief achieved with chronic intrathecal 
infiision of Infumorph delivered via the Prometra Programmable Implantable 
Pump System. 

The primary endpoint will be considered to be met if the 90% confidence limits on 
the delivered to programmed drug volume (DP) ratio are within the 85% to 115% 
range. 

Statistically significant reductions in pain are not required for this trial to be 
considered a success. 

1. Clinical Inclusion and Exclusion Criteria 
Em-olimentnnthepivotal-study-was-limited-to-patients-who-met-theibUowjng 

inclusion' criteria 

1 . Patient was to have been suffering from cancer pain requiring strong opioids 
OR has chronic, non-malignant pain with an average daily pain score of 4/10 
or greater on a scale of 0 to 10 OR Patient was to need an implantable pump 
system (pump & catheter) replaced due to malfunction or battery depletion. 
Patient must have had a documented history of sufficient pain relief with 
intrathecal morphine sulfate infusion. 

2. Patient was to have been 1 8 years of age or older. 

3. Patient was to have a life expectancy of > 6 months. 

4. Patient was to have a documented failure to respond to less invasive methods 
of pain control, including attempts to eliminate physical and behavioral 
abnormalities that may cause an exaggerated reaction to pain. 

5. Patient was to have pain ineffectively controlled by single or multiple 
systemic (oral, rectal, transdermal or intravenous) analgesic treatments or 
patient experienced intolerable side effects firom such treatment. 

6. Patient was to have had a successful trial of morphine sulfate (intrathecal or 
epidural) for relief of the target symptoms. 

7. Patient was to have agreed to obtain narcotic prescriptions only fi-om the 
investigator. 

8. Patient was to provide written informed consent to participate in the study. 

9. Patient was to have been considered by the investigator to be a medically ^^d 
psychologically appropriate candidate for pump implantation. 
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10. Investigator and/or study coordinator was to have considered the patient to be 
able and willing to fiilfill all study requirements. 

Patients were not permitted to enroll in the pivotal study if they met any of the 
following exclusion criteria: 

1 . Patient was to have had existing damage to the spinal column observed via 
magnetic resonance imaging (MRI) of spine that, in the opinion of the 
Investigator, would prevent intraspinal drug administration (e.g. cord 
compression from metastatic tumor that could obstruct catheter placement or 
drug flow). If the patient had a medical condition that contraindicates MRI, 
the investigator was to have proceeded with the closest appropriate study (i.e. 
CT scan, X-ray) to rule out any spinal abnormalities that would prevent 
intraspinal drug administration. 

2. Patient was to have a systemic infection. 

3^ Patient's anatomy was not large enough to accommodate the pump's size and 

weight. • 1 J 

4. Patient was pregnant or breast-feeding or was of child-bearmg potential and 

not employing effective birth control. 

5. Patient had known allergies or sensitivities to pump system materials (e.g., 
silicone rubber, titanium, polyphenylsulfone,.acetal resin, polyvinylidene 

fluoride, tungsten). • j r 

6. -Patient had known allergies to morphine or would be contraindicated for 

morphine, based on the drug labeling. 

7. Patient had a major coexisting medical condition (such as gastrointestinal 
problems, respiratory reserve / lung fimction problems, or heart conditions 
that cannot tolerate further lowering of blood pressure) that, in the opinion of 
the investigator, contraindicates an implantable pump. 

8 . The patient was to requke MRI evaluation post-implantation. 

9. Patient had other implanted cardiac electronic devices. 

10. Patient had an occupation where he/she would be exposed to high current 
industrial equipment, powerful magnets or transmitting towers, such as, 
electricians, electrical engineers or MRI technicians. 

1 1 . Patient was unable to participate in all necessary study activities due to 
physical or mental limitations. 

12. Patient was unable or unwUling to return for all required follow-up visits. 

13. Patient was unable or unwilling to sign the informed consent document. 



Fnllnw-up Schedule , a j a 

Patients attended a post-operative follow-up visit approximately 10 days atter 
implantation for assessment of wound healing. After completion of the 
postoperative visit, patients attended visits on a monthly basis at 1, 2, 3, 4, 5, and 
6 months post-implantation. During each monthly foUow-up visit, the study 
device was refilled and infused volumes of medication were documented. 
Patients requiring additional visits (for refill/reprogramming of the study device 
or care for adverse events) before the next scheduled monthly visit attended 
unscheduled visits, as needed. 



! n 



PMA P080012: FDA Summary of Safety and Effectiveness Data 



Page 18 



After completion of the Month 6 visit, patients entered the Long-Term Phase of 
the study and attended follow-up visits on a quarterly (every 3 months) basis until 
the study device was explanted or becomes commercially available or the subject 
expired. 



I able (3 - roiiow up 
Stiidy^f pcedures;' : 


SCTeening': 


Baseline-^- 


■ : Acute :piiase-*.>' ; 


jL^ihj^ tenn fol 


ow-Up ■ . 


7g ■ ■ '• 


'"'•■DBy"of- - ' 
' implaiitatibh' 


(±5:da3«). 


,Mcm&is 

"(±.;7•^)■^'• 


'-yisits^?^.:' 


Pdait'eriy' (every 3 
inohjUw) (±;30'da^^ - 


.Unscheduled' 
Visits' 


Provision of informed 


X 














consent 

Review of entrance 


X 














criteria 

Medical history 


X 














Pain history 


X 














Physical examination 


X 














Neurological 


X 




X^ 


x" 








cAoininaiiuii 
MRl of spine 


X 














Serum f-HCG 
pregnancy test 


X' 














Patient Questionnaires 
(NRS.VAS.ODI)- 


X 


X 




X 


X 






Pump implantation 




v 
A. 












Wound assessment 






X 










Pump fill/refill 




X 




X 


X* 


X 


X' 


Spinal X-ray 




. X 












Documentation of 

concomitant 

medications 




X 


X 


X 


X 


X 


X 


Documentation of AEs 




X 


X 


X 


X 


X' 


X' \ 


Documentation of DC< 




X 


X 


X 


X 


X 


X 

MRI's Cor 



^ Mo'w-"p^°^ are ,0 be conducted mooftly from day of unplantafio.. M- 7 days. 
' raZd loog-.enn follow-up visiB for refUls, which must be at leas, every three 

months (+/- 30 days) until the Prometra System is explanted, the subject expires, or the 

i>rnTnptra Svstem is acDrovcd for commercial use by the FDA. 
^ St Sl screening results and are clinically significant, a computed tomography 

fCT) myelogram should be performed to further evaluate the change. 
^ STcor^ted within 3^ays prior to implantation. For female patients of childbearmg 

' ReSf orilfrequired if it has been more than 30 days since previous refill. 
' Refill is only required if it has been more than 90 days since previous refill. 
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« During the Acute Phase record only pain and AE-related meds; during the Long-Term Phase 
record only pain, serious adverse event (SAE) related, and device related adverse event 
(DRAE) related meds. 

^ Only SAE's and DRAE's will be reported on the CRF dunng the long-term follow-up. 

3. Clinical End points 

The primary endpoint of the study was: 

The accuracy of the volume of medication delivered by the Prometra® 
Programmable bnplantable Pump System relative to the volume programmed for 
delivery, as determined at the time of pump refill (i.e., delivered to programmed 
drug vohime (DP) ratio). The primary endpoint will be considered to be met if the 
90% confidence limits on the DP ratio are within the 85% to 1 1 5% range. 

B. Accountabil it Y of PMA Cohort 

At the time of database lock, of 1 10 patients enrolled in PMA study, 58% (64) patients 
completed the 6 month visit surpassing the minimum required for pnmary endpomt 
analysis and completion of the study. Patient accountability at each scheduled visit is 
detailed in Table 7. 



Table 7 - Patient Accountability 



Status 



Discontinued 
Death 

Adverse Event 

Patient Withdrew Consent 



Not Eligible for Interval 
(previously discontin ued) 
Unavailable for Visit: 
Missed Visit 
Lost to Follow-up 



Available for Analysis 



Patient Accountability 
(Number of enrolled = 110) 

Month Month Month Month Month Month Month 

1 2 3 4 5 6 9 

N(%) N(%) N(%) N(%) N(%) N(%) N(%) 



2(2) 



N/A 



3(3) 



2(2) 



1(1) 



108 
(98) 



3(3) 
MIL 



1(1) 



5(5) 



1(1) 



103 
(94) 



95 

m 



9(8) 



87 



1(1) 



10(9) 



1(1) 



72 

(651 



1(1) 
1(1) 



11(10) 



64 



1.(1) 



13(12) 



21 



% Accountability^ 

visits completed/(110-discdnU- 

not eligible) 



100% 



94% 



87% 



66% 



27 
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C. Study Popglation Demographics and Baseline Parameters 





jFEr'and^MTHfe; 


rtPppuia^^ 


■r . „\PP.-PR^. - f; 
■-^^Pojiulatiom^^^ 


^Demographic.;- ; • u 3 


|; . Bppu^^^ 
;l:^(^feMO)?mi; 


i;n,(l!j[=107;):W 




Gender -N(%) 








Male 


59 (54%) 


56 (52%) 


54 (54%) 


Female 


51 (46%) 


51 (48%) 


y1 1 /ACQ/ \ 

4 / (.4oyo) 


Age - (years) 








N 


110 


107 


102 


. Mean 


55 6 


55 7 


54.8 


SD 


13.3 


13.3 


13.0 


Median 


54.6 


54.6 


53.9 


Range 


28-84 


28-84 


28-83 


Race-N(%) 








White 


104(95) 


101 (94) 


96 (94) 


Black or African American 


5(5) 


5(5) 


5(5) 


Hispanic 


1(1) 


1 (1) 


1(1) 



>yariabIeV A^|§?^f*:f:^^^-^^.:":^':'3-^ 


iSr' 'mdlMM Popuia^ 


Duration of Pain (N ± SD) 


12.4 ± 10.0 years 


Pain Category - N (%) 
Neuropathic 
Nociceptive 
Roth 


64(58) 
12(11) 
34(31) 


Causes of Pain^ - N (%) 
Chronic Regional Pain Syndrome 
Vertebral Body Compression Fractures 
Post Lumbar Spine Surgery with Pain 
Post Cervical Spine Surgery with Pain 
Phantom Limb Pain 
Post Thoracotomy Pain Syndrome 
Arachnoiditis 
Intractable Back Pain 
Cancer Pain 
Other 


24(22) 
6(6) 
60(55) 
14 (13) 

0 
3(3) 
26 (24) 
57 (52) 

3(3) 
70f64) 
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TypeofPain^ -N(%) 
Aching 
Burning 

Pins and Needles 

Sharpness 

Numbness 

Cramping 

Other 


90(82) 
74 (67) 
54 (49) 
79 (72) 
62(56) 
42 (38) 
52 (47) 


Area of Pain Involvement - N (%) 
Generalized 
Localized' 
Head 

Arms/Hands 
Hips 

Legs/Feet 

Chest 

Shoulder 

Back 

Neck 

Other 


12(11) 
98 (89) 
16(16) . 
26 (27) 
44 (45) 
75 (77) 
8(8) 
26 (27) 
78(80) 
31 (32) 
20 (20) 



counted in more than one category. 
D. Safety and Effectiveness Results 

The primary endpoint has been met The 90% confidence interval of the DP Ratio (95.9 
- 97.7%) is well-within the required range (85-11 5%). 



lapie lu - /^t^^^tua^jf ivt^omuj 


V Population' 


.-Population 


:-:pp^iPAi.':; 

.'Topuiatioh 


N 


107' 


107' 


107 


Mean 


96.7 


96.7 


96.8 


SD 


5.6 


5.8 


5.5 


Median 


97.0 


97.0 


97.0 


Range 


71.9-127.1 


71.9-127.1 


81.8-127.1 


90% confidence interval of mean 


95.8 - 97.6 


95.7- 97.6 


95.9- 97.7 



ll I: 
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Adverse effects that occurred in the PMA clinical study: 



Table 1 1 - Summary of All Adverse Events (AE) 





' Population > 






Patients with at least one AE 


107 (97) 


Patients with at least one SAE 


27 (25) 


Patients with at least one DRSAE 


3(3) 


Patients discontinued due to AEs 


9(8) 



Table 12 - Adverse Events Reported as Possibly, Probably, or Definitely Related to the 
Device or Study Procedure ' 





^:J°3¥^-^'-^^J>refenredTerm^ 

<'i^--'^'"''',^.iv i'iv'i^i*.'^- f- ' ' 


j^SK^opuiafiori 


Far and I^bvrinth Disorders 


Tinnitus 


1(1) 


Gastrointestinal Disorders 


Nausea 


15 (14) 


Vomiting 


8(7) 




Abdominal Pain 


1(1) 




Constipation 

r ^_ — 


1(1) 




Oral Mucosal Blistering 


1 (1) 


General Disorders and 
Administration oite L^onaiiions 


Implant Site Pain 


20 (18) 


Implant Site edema 


11(10) 


Implant Site Erythema 


9(8) 




Implant Site Swelling. 


4(4) 




Pain 


4(4) 




Implant Site Inflammation 


3(3) 




Drug Withdrawal Syndrome 


2(2) 




Implant Site Haemorrhage 


2(2) 




Pyrexia 


2(2) 




Tenderness 


2(2) 




Catheter Site edema 


1(1) 




Implant Site Bruising 


1(1) 




Implant Site Effusion 


1(1) 




Implant Site Hypersensitivity 


1(1) 




Implant Site Irritation 


1(1) 




Implant Site Necrosis 


1(1) 




Edema Peripheral 


1(1) 


Immune System Disorders 


Hypersensitivity 


1 (1) - 
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Incision Site Infection 


4(4) 


Infections and Infestations 


Extradural Abscess 


1(1) 




Implant Site Cellulitis 


1(1) 




Spinal Infection Viral 


1(1) 


Injury, Poisoning and Procedural 

l^OmpilCallUlio 


Procedural Pain 


37 (34) 


Post Lumbar Puncture Syndrome 


9(8) 


Wound Secretion 


9(8) 


Sefoma 


4(4) 


Wound Dehiscence 


3(3) 


(Injury, Poisoning and 
Procedural Complications, 
continued) 


Excoriation 


1(1) 


Hip Fracture' 


1(1) 


« ■ — 

Procedural Nausea 


1(1) 


Musculoskeletal and Connective 
Tissue Disorders 


Back Pain 


2(2) 


Pain in Extremitv 


2(2) 


Nervous System Disorders 


Headache 


8(7) 


Dizziness 


3(3) 


Intracranial Hypotension 


2(2) 


Balance Disorder 


10) 


Burning Sensation 


1(1) 


Dipleeia 


1(1) 


Hvnoaesthesia 


1(1) 


Neuropathy Peripheral 


1(1) 


XrpmoT 


1 (1) 


Respiratory, Thoracic and 
Mediastinal Disorders 


Dyspnoea 


1(1) 


Respiratory Depression 


1(1) 


Skin and Subcutaneous Tissue 

JL/A 0\Jk Uwl. O 


Dermatitis Contact 


5(5) 


Pruritus 


2(2) 


Scab 


2(2) 


Ecchymosis 


1(1) 


Rash 


1(1) 


Surgical and Medical Procedures 


Surgery^ 


10(9) 


Vascular Disorders 


Haematoma 


1(1) 



Prometra System 
^ Surgery to replace or revise intrathecal catheter 
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XI. PANEL MEETING RECOMMENDATION AND FDA*S POST-PANEL ACTION 



In accordance with the provisions of section 515(c)(2) of the act as amended by the Safe 
Medical Devices Act of 1990, this PMA was not referred to the General Hospital and 
Personal Use Devices Panel, an FDA advisory committee, for review and 
recommendation because the information in the PMA substantially duplicates 
information previously reviewed by this panel. 

Xn. CONCLUSIONS DRAWN FROM PRECLINICAL AND C LINICAL STUDIES 

The Prometra System achieved the clinical study primary endpoint by accurately 
delivering the volume of Infiimorph programmed for delivery. The 90% confidence 
interval of the Delivered to Programmed Ratio {95.9-97. 7%) was within the required 
range (85 -11 5%). 

Improvements in pain and related disabilities from baseline were reported at the end of 
each month during the first six (6) months post-implant. Markers for effectiveness were 
derived from measurement of Visual Analog Scale (VAS) and Numerical Rating Scale 
(NRS) pain scales, as well as scores from Oswestry Disability Index (GDI) 
questionnaires. Few patients completed the protocol without confounding concomitant 
treatments for pain. Therefore, secondary objectives were not achieved. 

■ Interpretation of the patient safety database was confounded by intrathecal 
administration of drugs that were not approved for that route of administration, 
concurrent use of a spinal cord stimulator, and differences in adverse events reported 
between the applicant's summaries and the electronically reported line data. The study 
also did not include^a control. 

Despite these limitations, there was no apparent safety signal or other systematic pattern 
of device-related adverse event noted. 

The study demonstrates that the pump is able to accurately deliver the volume of 
Infiimorph that is progranuned for delivery. 

Preclinical studies demonstrate that device specific risks to health are identified and 
controlled. 

The data in this application support the reasonable assurance of safety and effectiveness 
of this device when used in accordance with the indications for use. 

Xin. CDRH DECISION 

CDRH issued an approval order on February 7, 2012. The final conditions of approval 
cited in die approval order are described below. 

1 . An in-vitro, in-use stability study, over refills of the pump for the intended use 
period. The study will characterize the long-term profile of extractable/leachable 
and impurities/degradation products and will address any impairment of pu^{) _ ^ ^ 
system function. 
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2. A prospective, non-randomized, open-label, multicenter study to evaluate 
long-term safety of the Prometia® Programmable Pump System. 

The applicant's manufacturing facility was inspected and found to be in compliar 
the device Quality System (QS) regulation (21 CFR 820). 

XrV. APPROVAL SPKCIFICATION 

Directions for use: See device labeling. 

Hazards to Health from Use of the Device: See Indications, Contraindications, 
Warnings, Precautions, and Adverse Events in the device labelmg. 

Post-approval Requirements and Restrictions: See approval order. 



! ;t 
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How do valve-gated implantable drug pumps 
differ from peristaltic pumps? 




Valve-gated drug pumps are newly approved by the FDA 
for delivering Infumorph® intrathecally. What is a "valve- 
gated" drug pump? How does this differ from the peristaltic 
technology that pain management physicians are familiar 
with? This white paper will outline the differences between 
these technologies, illustrating the effects of valve gating on 
drug delivery, and how these changes may positively impact 
patient management. 

implantable Drug Pumps 

Implanted devices are under significant engineering 
constraints. Weight, longevity, durability, and battery life 
are but a few of the constraints that limit engineers from 
utilizing the same components as external pumps. In 



order to achieve an optimal design, engineers are required 
to make trade-offs between the various capabilities for 
different components. 

As an example of an engineering trade-off, it is helpful to 
review the "metal bellows" reservoir. This reservoir design 
is used in all implantable drug pumps, primarily because 
it is an energy-efficient design. The design consists of 
two chambers, one within the other. Fluid is stored in 
the inner chamber, which expands when filled. The outer 
chamber contains pressurized gas that forces on the inner 
chamber to contract. If allowed to, the inner chamber would 
automatically empty its drug in a response to the gas 
pressure (see Figure 1). 



FILL PORT 





Figure 1: Metal Bellows Reservoir 



As the inner chamber delivers fluid and the bellows contract, 
the pressure of the gas decreases, putting consistantly less 
pressure on the inner chamber to push drug into the rest of 
the pump. There may be significant pressure differences in 
the same pump on the day before and the day after a pump 
refill. The variation of force delivering drug as the reservoir 
empties may cause significant fluctuations in the amount of 
drug delivered to the dosing system (see Figure 2). 

Gas pressure within the reservoir is also affected by 
alterations in the ambient pressure and temperature. 
Higher ambient pressure (at sea level) coupled with high 
temperatures and a full reservoir may lead to significantly 
higher pressure. For example, a patient with a full 
reservoir traveling from a low-altitude, high-temperature 
environment, such as Houston, to a high-altitude, low- 
temperature environment, such as Denver, may encounter 



problems. This could cause a decrease of as much as 24% in 
the amount of drug being delivered by the pump.^ 

Dosing fluctuations may impact therapy. Physicians may 
observe a resumption of symptoms around the time of refill. 
What physicians may not always observe is the cessation of 
symptoms once normal drug flow resumes. Thus, clinicians 
may consider a dose increase when none is warranted. 

If delivering a drug with a narrow therapeutic window of 
safe, effective dosing, fluctuations caused by decreased 
reservoir pressure will be particularly noticeable. However, 
by making changes to the design of other components 
in the pump, such as the Dose Regulation System, these 
fluctuations and their effects on patient therapy can be 
minimized. 




Figure 2: Pump Potential Dose Variation 
(0.0% = Prescribed Dose) 



Dose Regulation Systems 

As described previously, fluid will leave the main reservoir 
immediately if it is not regulated. In programmable pumps, 
fluid is restricted from flowing freely out of the pump 
reservoir by the Dose Regulation System. The way this 
component functions is the principal difference between a 
peristaltic pump and valve-gated pump (see Figure 3). 

The Dose Regulation System is the most mechanically 
complex component of an implantable pump and has a 
significant impact on several pump features. It affects: 

• Reliability of dosing 

• System-wide durability 

• Device longevity 



The Dose Regulation System can be likened to a throttle in 
an engine; it controls the speed at which the pump delivers 
medicine and the regularity at which it is delivered. Like a 
gas pedal, it has a major impact on the amount of energy 
used by the system. A more efficient Dose Regulation 
System may increase the battery life, use fewer moving 
components to help provide enhanced durability, and take 
into consideration fluctuations in the flow of fluid from the 
reservoirto improve the reliability of dosing. 
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Figure 3: Flow Path Comparison 
Peristaltic vs. Valve-Gated 
Dose Regulation System 



Peristaltic Pump Dose Regulation 

The Dose Regulation System in a peristaltic pump consists 
of plastic tubing that runs from the reservoir to the catheter. 
This tubing is occluded by rollers at various points along 
the tubing path to control fluid flow. The rollers move 
over the tubing to force fluid to flow through the tubing 
at a specified rate. The rollers are connected to gears that 
are powered by a motor. There are several moving parts 
in this configuration. As with all mechanical devices, the 
more complex the device, the higher the likelihood that 
something may go wrong (see Figure 4). 

Some systems are configured to always be in motion, in 
order to conserve battery power. Enhancing the battery 
life in this way, however, may have a deleterious effect on 
therapy, since this means the device can never be completely 
stopped. Even operating at the slowest speed, pumps can 
still deliver nearly 0.75 mL of fluid a day. The impact of 
this design feature is that if a patient requires a complete 
cessation of therapy, a complex series of steps must occur in 
which the drug is drained from the reservoir, the reservoir is 
filled with saline solution, and the catheter is aspirated. The 
pump cannot simply be stopped (see Figure 4). 

Overtime, continuing pressure by the rollers may change 
the pliability of the plastic tubing. As the pliability of the 
tubing changes, the amount of fluid that can be squeezed 
into the tubing by the pressure on the drug in the reservoir 
may also change. Essentially, each "dose" delivered by the 




rotation of the rotors changes as the tubing becomes more 
pliable, potentially affecting the overall accuracy of the 
system. 

According to a study by DuPont engineers, "Available tubing 
for peristaltic pumps tends to shed particulates into the 
solution due to their poor abrasion characteristics."^ Wear 
debris is produced because of repeated compression of the 
tubing as the rollers squeeze fluid via the peristaltic process. 
It is unclear what impact the creation and transmittal of 
plastic tubing wear debris may have on the patient in the 
long term. 

From the above, it is clear that peristaltic pumps have 
several drawbacks: 

• Complex nature of the gears and motor can affect the 
durability/longevity of the device 

• Tubing pliability changes over time - affecting dose 
reliability 

•Drugs may permeate the plastic tubing affecting the 
rollers, gears, and other components 

• Rollers rubbing against and constricting the pliable 
tubing may wear the tubing 

Valve-gated technology was developed in an attempt 
to minimize these potential effects, and to create an 
implantable pump that will have improved longevity, 
durability, and dose reliability. 




Figure 4: Peristaltic Pump Rollers Moving Drug Through Tubing 



Valve-Gated Dose Regulation 

In the Prometra® valve-gated pump, the Dose Regulation 
System consists of two valves and a Dosing Chamber, 
which together make up the Precision Dosing System.™ 
Fluid is regulated from streaming out of the reservoir by 
the first valve. This "inlet valve" allows fluid to flow into 
the Dosing Chamber. An "outlet valve" at the exit of the 
Dosing Chamber prevents fluid from flowing through the 
Dosing Chamber and into the catheter even when closed. 
Electronics control the flow of fluid by alternately opening 
the inlet and outlet valves, preventing both valves from 
opening at the same time. Drug enters and exits the Dose 
Regulation System when the valves are open (see Figure 5). 



Dosing 
Chamber 



Res. /Si 



Cath. 



The Dosing Chamber is engineered very much like the 
metal bellows reservoir -there is an inner, expandable 
chamber, and an outer, gas-filled chamber. The pressure 
of the dosing chamber is set to be much lower than the 
pressure of the reservoir, so that upon opening the inlet 
valve, fluid flows freely from the higher-pressure reservoir 
to the lower-pressure Dosing Chamber. The addition of a 
Dosing Chamber enables fluid to be measured, which may 
help prevent changes in reservoir pressure from impacting 
dose accuracy. 

The reservoir gas pressure changes with environmental 
effects such as pressure, temperature, and reservoir level, 
just as it does with a peristaltic pump. In a valve-gated 
system, these fluctuations do not have a significant 
therapeutic effect on dose reliability (see Figure 6). This 
improvement in dose reliability can be attributed to the 
inclusion of a titanium Dosing Chamber for measuring 
doses, rather than using pliable tubing, as is done with 
peristaltic pumps. As a result, pressure, temperature, and 
changes in the reservoir level had minimal impact on dose 
reliability during clinical trials.* 



Figure 5: Dose Regulation System 
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Figure 6: Potential Dose Variation (0.0% = Prescribed Dose) 



In the valve-gated pump, the fluid pathway is 100% 
titanium, a biocompatible inert material which has been 
tested with Infumorph. Titanium does not interact with 
drugs nor can drugs permeate titanium to damage other 
components. 

The only moving parts in the pump are the valves. By 
eliminating the motor, gears, and other moving parts, it is 
expected that the durability of the pump may significantly 
improve. Because the energy used by the microvalves is very 
low, the battery life may be longer (see Figure 7). 

From the above it is clear that the valve-gated Dose 
Regulation System in an implantable pump may offer 
several advantages: 

• Changes in reservoir gas pressure due to fluctuations 
in the refill level or environmental factors has minimal 
effect on dose accuracy 

• Fluid pathway is enclosed in 100% titanium - not subject 
to permeability that has been experienced by peristaltic 
plastictubing, causing corrosion and rotor stalls 

• Fewer moving parts in valve-gated pumps (only the 
valves move) means less wear and tear and potentially 
better device durability 

• More efficient overall design for valve-gated pumps 
results in longer battery life than currently available 
peristaltic pumps,' and thus potentially fewer 
replacement surgeries 



Effects on Therapy 

choosing valve-gated over peristaltic pumps may have 
several potential advantages for patients. These advantages 
may include: 

• Longer time between pump replacement procedures " 

• Better control over drug delivery 

• Less dosing variabilityjust before/after refills 

• Less dosing variability if patient travels to 
higher/lower altitudes 

• Less dosing variability if patient uses a spa or hot tub 

Summary 

There are several drawbacks to peristaltic technology in an 
implantable pump. Drugs flow through plastictubes which 
are repeatedly constricted by rollers, causing potential 
wear and pliability changes over time. These alterations, 
along with succeptibility of the system to environmental 
factors such as ambient pressure, temperature, or level of 
fluid remaining in the reservoir may cause the pump to be 
less reliable than alternatives, potentially affecting patient 
management. 

The rollers in peristaltic pumps are moved with a motor and 
gears. The plastictubes in contact with the rollers have been 
known to be permeable -causing corrosion of the pump 
workings. Utilizing newer technology could potentially 
improve durability and battery life: 
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Figure 7: Battery Longevity 



The valve-gated pump is designed to improve upon 
peristaltic technology by elimination the motor, gears, 
and rollers. They are replaced with a 100% titanium fluid 
pathway which includes a Dosing Chamber and microvalves 
to regulate drug flow. These features are designed to: 

• Improve dose accuracy over the refill cycle 

• Improve dose accuracy over the pump life 

• Improve overall durability 

• Improve battery life 

Improved dose reliability might lead to less alterations 
in patient therapy as their reservoir empties, or as they 
experience changes in environmental conditions or weather 
that may alterthe drug flow in peristaltic pumps. This could 
potentially prevent increases in dosing, possibly altering 
tolerance effects. 

Similarly, improved durability and battery life could result 
in longer periods of time between pump replacement 
procedures, which could significantly benefit the patient's 
quality of life. The combination of benefits that valve-gated 
technology offers physicians could have a significant impact 
on improving patient therapy. 
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Prametra Prognramidable Pomp 



A, Principles of Op«ati«) 

Hie Prometra Programmable Flow Pump contains a titanium beUows drug reservoir. The 
res«voir propellant is stored within the rigid titanium bousing surrounding the bellows 
drug rcsCTvoir and imvides flie diivmg pressure for pump. The Mviog pressure on the 
bellows rseivoir forces Aug fliroogji an outlet filter (022 microns), and into an 
electronically coutroned flow metering subsystem composed of an inlet valve, 
accumulator, and outlet valve. The electronics are designed so fliat only one valve may be 
opened at any given time. When the inlet valve is momentarily opaied, the accumulator 
is filled wifli ^proximately 2 microlitm (ul) of additional drug by the acramiulator 
diaphragm deflection. The accumulator d^phragm is pressurized on the non-drug side by 
a gas pressure that is Iowa than the bellows drug resCTVotr pressure. When the outlet 
valve is momentarily opened, the ai^roximately 2 ul of drag stored in die deflected 
accumulator diaphragm is delivered past dw cathder access port mto Ae catheter for 
delivery to flie intrathecal sp^ie. The delivered pump flow rate is controlled by the 
electronically programmed lime intervals between the consecutive 2 ul delivered boluses. 



B. Fun^ System Description 



Pump Model 


Pn>inetra 


External Properties 




Materia] 


TitMiom pump 

widi wliile p(dypheayisulfone «cce»s port 


ThidcBsss (inctading septum) 


20 mm 


Diameter 


71 mm 


WeJfW (empty) 


150 a 


Drug Reservoir 




Material 


Titanium 


Usable capacity 


20 ml 


Maximamtsitble capacity 


23 ml 


Reservoir pressure 


Approx. 16.9x10* pascal (24:6 psig) «i ST'C 
gemrBtsd byikcnnetic $«aWid 
dKhksx>fluoromethaae -pressured bellows 


Active Met^imi Mechanism 




Vatvc-accnrnnbilfH- aibsystem 


ElectroBicBtiv activated solenoid valves (2) 


Aogimiilatfff pressure 


8.4x 10* pascal 02-3 psig) generated by 
hermetic sealed ar(?on -pressured diaphragm 


Accunmlator stroke volume 


Approx. 2 microliters 


Msteiial 


Titaaium, MP35N allt^, Stadfllcss steel, and 
silicone rubber 
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Prometra Programmable Infusion Pump System Description 



The Flowonix Medical, Inc. Prometra Implantable Programmable Infusion 
Pump System consists of an Infusion Pump, Intrathecal Catheter and 
Programmable Pump Programmer. 

The Prometra Implantable Programmable Infusion pump is a teardrop shaped metal container 
separated into three chambers by a welded metal bellows and base plate. The bellows serves 
as a flexible impermeable membrane that separates the pump's charging fluid from the drug 
reservoir. The base plate serves as a rigid substrate that separates the drug reservoir from the 
electronics and battery chamber. The metal bellows charging fluid chamber is permanently 
sealed and contained within the pump's lower outer housing. The space between the exterior 
of the bellows and outer housing serves as the propellant chamber. The propellant chamber 
contains a fluid that, at body temperature, is in a two phase state. Regardless of the chamber 
volume, the fluid remains in this two phase state and exerts a constant pressure on the bellows 
The pressure exerted on the bellows is directly transmitted to the fluid in the drug reservoir, 
forcing expulsion of the drug from the reservoir into an electronically controlled flow metering 
valve-accumulator subsystem. 

The flow rate of-the pump is controlled-by this_vaIve-accumulator subsystem. The propellant 
pressure on the bellows forces the drug from the reservoir through a 0.22 \im filter to the first 
valve. When the pump electronics opens this valve, fluid passes into an accumulator in the 
valve-accumulator subsystem._Once the accumulator is filled as dictated by a predetermined 
period of time this valve closes sealing the reservoir from the accumulator. At the 
appropriate time a second valve opens, allowing a fixed volume of drug to flow from the 
accumulator through the catheter access port and into a silicone catheter for delivery to the 
selected body site. Figure 1 below shows a cross-section of the pump. 

Figure 1: Pump Cross-section Showing Components 
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The design of the pump valve-accumulator subsystem enables the device flow rate to remain 
unaffected by anticipated changes in patient temperature and catheter exit variables (e.g., 
geographic location, air travel, etc.). This is accomplished through the precision design of the 
accumulator that limits the amount of fluid it can receive from the reservoir or expel to the 
catheter regardless of the pressure differentials it encounters during its normal operating 
environment. 

The teardrop shape of the pump is designed to help the clinician differentiate the catheter 
access port from the central drug chamber port after the pump is implanted. The drug 
chamber is refiilable and is percutaneously accessed by means of the centrally located access 
port using a 22 gauge non-coring needle. 

When the drug reservoir has been emptied (metal bellows collapsed), it can be refilled by 
percutaneous needle injection that penetrates the septum, a rubber self sealing membrane, 
and accesses the drug reservoir. Using a syringe, the drug is injected into the reservoir causing 
the metal bellows to expand. The expansion of the bellows simultaneously decreases the 
volume of the charging fluid chamber, causing the charging fluid vapor in the chamber to 
condense to its mostly liquid state, thus storing energy to move fluid from the drug chamber to 
the pumping system for the next flow cycle. This method of converting work to stored energy 
is reversible and precisely repeatable for each flow cycle. The percutaneous injection into the 
drug chamber refills the reservoir and-recharges the unit-for the subsequent flovy cycle. 
The catheter access port is located on the periphery of the pump to allow for direct access to 
the catheter without interfering with the drug reservoir. The catheter access port is 
percutaneously accessed using a 20 gauge needle. The needle is designed such that if 
inadvertently inserted into the refill port, infusion is prevented. Conversely if the 22 gauge refill 
needle was inserted into the catheter access port infusion would also be precluded. The 
catheter access port can be used to evaluate catheter patency or catheter placement. 

The pump is designed to be used with an attachable catheter. A catheter lock assembly allows 
the surgeon to attach the catheter to the pump after catheter placement. The Intrathecal 
Catheter serves as a conduit between the implanted Prometra Programmable Pump and the 
spinal intrathecal space. The catheter lock provides a means for securing the intrathecal 
catheter to a barbed stem protruding from the pumps external, flexible boot. Solutions 
expelled by the pump are delivered directly into the intrathecal space via the catheter, exiting 
via side holes located in the distal segment of the catheter wall. 

A drug dosage regimen is programmed into the pump with a hand-held programmer (Figure 2). 
The design of the pump is such that it maintains a programmed flow profile over time 
throughout the therapy. This programmed flow profile may be reprogrammed if the patient's 
requirements change. 
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Figure 2: Programmer 
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1.0 Purpose 

The purpose of this document is to define the characteristics of the (V-53) valve 
assembly. The valve is intended to be used in a totally implantable, programmable drug 
delivery pump. 



2.0 Scope 

The scope of this document encompasses the pertinent characteristics of the (V-53) 
valve to be used in an implantable, programmable drug delivery pump. This document 
includes the basic physical, perfomnance, safety and quality characteristics for the valve. 



3.0 Description 

The Valve Assembly. consists of two dual port solenoid valves mounted to a titanium 
faceplate. The valves are open in an energized state and closed by a return spring in the 
de-energized state. The flow path is drug and bio-compatible. 

4.0 Definitions 

4.1 Ipo Pull Open Current - amount of current required to pull open the valve 

(in milliamps) 

4.2 Iho Hold Open Current - the amount of current required to hold open the 
valve (in milliamps) 

4.3 To Time Open - at a -fixed Ipo, the amount of time for the valve to open 

(in milliseconds) 

4.4 Tc Time Closed - after a fixed Iho, the amount of time for the valve to close 

(in milliseconds) 

4.5 DCR DC Resistance of the valve coil (in ohms) 

4.6 L Inductance of the valve coil (in henries) 

4.7 IR Insulation Resistance between the valve case and coil obtained by 
measuring the leakage cun-ent at 50 Volts DC (in microarips at 50 volts) 

4.8 PDA Percent Defective Allowable for lot acceptance 



5.0 Reference Documents 

5.1 DWG-0092-00924 Valves/Faceplate Assembly Mechanical Envelope Drawing 

WGL P/N for Valve Assembly 
Programmable Pump Solenoid Valve Evaluation Test 
Product Perfomriance Characteristics: InfuMedics Totally 
Implantable Programmable Infusion Pump 
Acceptability of Electronic Assemblies (replaces 
MIL-S-45743) 



5.2 
5.3 
5.4 



4C1079 

TM-0092-00987 ' 
PPC-0092-01944 



5.5 IPC-A-610D 
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5.6 


MIL-STD-202 


Test Methods for Electronic and Electrical Parts 


5.7 


NEMA MW 1000 3-C Magnet Wire (replaces J-W-1177) 


5.8 


ASTM B265 


Titanium and Titanium Alloy Strip, Sheet and Plate 


5.9 


ASTM B348 


Titanium and Titanium Alloy Bars and Billets 


5.10 


ASTM F67 


Unalloyed Titanium for Surgical Implant Application 



6.0 Physical Characteristics 

6.1 Valve Assembly Envelope 

6.2 Internal Volume 

6.3 Weight 

6.4 Seat Elastomer 

6.5 - Coil Face Diaphragm 

6.6 Return Spring 

6.7 Filters 



6.8 
6.9 
6.10 
6.11 



Reference Attachment 1 
67|jUvalve, 135ul/set (nominal) 
4.76g wet (nominal), 4.69g dry (nominal) 
DOWMDX4-4210 
CP Grade 4 Titanium 
10.0 + 0.5 grams 
0.001 inch thick etched 
No more then 1 0% of the etched filter holes may be obstructed do to incomplete 
etching 

Filter Area (minimum) 0.077 inch diameter 

Coil Potting Centrifuge method 

Electrical Leads Insulated Wire, 26 AWG 

Pole Button AL29-4SS 



7.0 Requirements 

Valve assemblies shall meet all of the requirements specified herein, unless otherwise 
noted, Acceptance, in process, qualification, and characterization tests, along with the 
required test frequency, are defined in section 9.0. In the event of conflict between 
requirements of this specification and referenced documents, this specification shall 
govern. 

7.1 Normal Operational Conditions 

The device shall meet all of its perfonnance and electrical characteristics, unless 
othenwise specified, over its operating life under the following operating 
. conditions: 

7.1 .1 Operational Temperature Range 

7.1.2 Operational Pressure Range 

7.1.3 Operational Current 

7.1.4 Flow Direction 

7.1.4.1 Inlet valve 

7.1.4.2 Outlet valve 



20X to 41 °C (68T to 106°F) 
6.5 to 43.0 psia 
Refer to Section 7.3 



Side to End Port 
End to Side Port 
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7.1.5 Fluid Conditions 

7.1 .5.1 Type Liquid, Gas, or Mixture (bubbles) 

7.1 .5.2 Fluid viscosity Typical to water @ 37''C (98.6°F) 

7.1.5.3 Salinity 0.9% Saline Solution 

7.1.6 Resistance to Solvents 

Per MIL-STD-202, method 215, except solvents shall be isopropyl alcohol 
and water. Solvent not applied to internal valve cavity. 

7.1.7 Leak rate <.3ijL/hr @ 25psid in the direction of flow 

7.2 Performance Characteristics 

The device shall meet the performance and electrical characteristics over the 
normal operating conditions specified in 7.1 throughout the operating life 
specified in 7.4.1. Exposure to extreme environments shall not cause the device 
to operate outside of its performance limits. Specific required tests shall be per 
section 10.0. 

7.2.1 Seat Hermeticity 1x10"® atm cc/sec Helium maximum 

7.2r2 Crack Open Pressure 

7.2.2.1 Side Port 80 psig minimum 

7.2.2.2 End Port 32.5 psig minimum (25x1 .3) 

7.2.3 Flow Rate > 600 pL/sec of water at 25psid (700 pL/sec goal) 

7.2.4 Compliance Not required 

7.3 Electrical 

7.3.1 Maximum Ratings: The device shall survive the following extreme 
conditions and shall meet its specified perfomnance limits when 
subsequently operated under normal conditions. In addition to the 
following conditions, the device shall also be capable of passing the 
environmental tests of 7.4 & 7.5. 

7.3.1.1 Voltage, Lead to Lead, applied either direction 25.0 VDC 

7.3.1.2 Voltage, Case to Coil 50 Vnns 

7.3.1.3 Voltage, Case to Coil 100.0 VDC .. 

7.3.2 Voltage, Operational 3.0 to 6.0 VDC 

7.3.3 Steady state pull open current (Ipo) (wet w/o pressure or dry) 

Manufactured 9.0 -16.5mA 

Maximum over Life (1.83 million cycles) 16.5 mA 

7.3.4 Steady state hold open current (Iho) 4.0mA minimum 
(wet w/o pressure or dry) 8.8mA maximum 

7.3.5 Pull open current @ 25 psid applied to side port 

Manufactured 9.0 -16.5mA 

Maximum over Life (1 .83 million cycles) 16.5 mA 
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7.3.6 Pulsed pull-open verification 

Valve shall be verified to have pulled open when subject to the cun-ent 
pulse wavefomri, see TM-0092-00987. 

7.3.7 DC Resistance 215 ± 20 ohnns at 25°C 

7.3.8 Inductance < 0.60 henries 

7.3.9 Insulation Resistance (IR) 

100 megohms (MQ) minimum, coil to case, at 100 VDC ±10% and room 
temperature 

7.3.10 Response Time 

7.3.10.1 Open Time (to) <10 msec, typical; 15 msec. max. 

7.3.10.2 Close. Time (tc) <20 msec, typical; 25 msec. max. 
7.4 Environmental Conditions 

The valve assemblies shall be capable of passing the following qualification 
tests. Unless otherwise specified, measurements before and after exposure shall 
include a visual inspection, DCR, L, IR, hemieticity, operating current, response 
times, and flow rate. 

7.4.1 Expected Life (Years of Use): The operating life shall be ten years 
minimum under nomnal operating conditions (37°C @ 25 psid) at cycling 
rates of 1 Hertz or slower, to a minimum of 1.83 million accumulated 
cycles. The cycle life criteria of 1.83 million cycles is based on a 
minimum accumulator volume of 2.0 pL and a pump flowrate of 0.5 
ml/day resulting in 250 valve cycles per day, which corresponds to 912.5 
thousand cycles in the pump's ten year life. Multiplying by a safety factor 
of 2.0 results in a valve life criterion of 1 .83 million cycles. 

7.4.2 Life test: Valves shall be subject to pulse cycling at 37°C for a minimum of 
1.83 million cycles with filtered (.80 um) bacteriostatic water or 0.9% 
saline flowing through the valve. Flow direction shall be side port to end 
port for the inlet valve and reverse for the outlet valve; fluid pressure shall 
be 25 psid. Pulsing rate shall be 1 Hertz or slower. Performance 
measurements shall be perfomned at a minimum of approximately Vz, 1 , 
and 1.83,million cycles. 

7.4.3 Vacuum Bake: Non-operating, 60° ± 2°C (140° ± 4°F) for four hours 
minimum at one psia, device dry. 

7.4.4 Storage Temperature (non-operating, device dry) -40°C to +60°C (- 
40°F to +140°F) 

7.4.5 High Temp. Storage (non-operating, device dry) 60° ± 2°C (140° ± 
4°F), 96 hours minimum 

7.4.6 Low Temp. Storage (non-operating, device dry) -40° ± 2°C, (-40° ± 
4°F), 96 hours minimum 

7.4.7 Pressure Range (non-operating, device dry) 0 psia (30 millitorr) to 
80 psig internal pressure, two minutes minimum 
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7.4.8 Thermal Shock: Non-operating, per l\/IIL-STD-202, method 107, 130°C to 
-40'"C (266°F to -40T), 1 0 cycles 

7.4.9 High Temperature / High Internal Pressure (simulated autoclave): Non- 
operating, 1.5 to 2.0 hours at 125°C (257°F) and 50-psig internal cavity 
pressure for five cycles 

7.4.10 Vibration: Non-operating, per MIL-STD-202, method 204, condition C. 
Device mounting shall simulate pump base assembly 

7.4.10.1 10 to 55 Hertz, 0.06 inch displacement, for 2 hours each 
axis 

7.4. 1 0.2 55 to 2,000 Hertz, 1 0 g's, for 35 minutes each axis 

7.4.11 Mechanical shock 

Non-operating per l\/IIL-STD-202, method 213, condition C. Half-sine 100 
g's peak, 6 ms duration, 3 shocks in each perpendicular direction, 18 
shocks total. Device mounting shall simulate pump base plate. 

7.5 Shipping and Handling 

Unless othervi^ise specified, measurements before and after shipping and 
handling exposure shall include a visual inspection, OCR, L, IR, hemneticity, 
operating current, response times, and flow rate. 

7.5.1 Expiration Period 

\/53 valves stored on site for 20 months or more following initial 
inspection must be reworked per RWRTR-0092-07441 . 

7.6 Design and Construction 

7.6:1 Outline Dimensions: per Attachment 1 

7.6.2 Markings: The valves assembly shall be marked with the manufacturer's 
identification, model and serial number. Markings shall remain legible 
after all tests. 

7.6.3 Materials: 

Materials shall be as specified. When a definite material is not specified, 
a suitable material shall be used which Will enable the valves to rneet the 
performance requirements over its intended life over the specified 
operating conditions. Acceptance or approval of any constituent material 
shall not be construed as a guarantee of acceptance of the finished 
product. Materials in contact with the drug path shall be in accordance 
with section 7.6.4. 

7.6.3.1 Metals shall be corrosion resistant or plated or treated to resist 
corrosion when dissimilar metals are used in intimate contact with 
each other 

Insulating materials, potting compounds, adhesives, plastics and tapes 
shall not degrade below minimum mechanical strength or insulation 
properties when subject to normal operating conditions specified 
throughout the valve operating life. Exposure to extreme environments 
shall not cause degradation in mechanical strength or insulation 
properties below minimum specified values. 

Confidential: This document contains information ttiat is the confidential and proprietary property of InfuMedics Inc. or Proven Process Medical 
Devices. Neither this document nor the information therein may be reproduced, used or distritjuted to or for the tjenefit of any third party without prior 
written consent of InfuMedics Inc. or Proven Process Medical Devices. 



ProvenProcess 


Assembly, V53 Valve Set 


DWG-0092-02124 
Revision 01 


MBDIOAL DBVIG1SS 


Component Specification 


'■ ResnltB Built In 


Tier 3 Document 


Page 8 of 12 



7.6.4 Materials in Contact with the Drug Path 

7.6.4.1 Metals in contact with the drug path shall be either unalloyed 
titanium per ASTM F67, ASTM B265, or ASTM B348, MP35N per 
ASTM F562 and 29.4SS per ASTM A276-98b (pole button) 
Metallic parts shall be passivated and cleaned. 

7.6.4.2 Non-metallic material in contact with the drug path shall be (Dow 
Corning MDX4-4210 Clean Grade Elastomer) non-pyrogenic, non- 
toxic and shall meet the Class VI test requirements of U.S. P. 31 . 

7.6.5 Coil 

The coil windings and electrical leads shall be completely insulated from 
the case and other grounded parts. Unless otherwise specified, the 
magnet wire shall conform to NEMA MW 1000 3-C. If because of size or 
temperature range, magnet wires conforming to NEMA MW 1000 3-0 
cannot be used, the selected wire shall be capable of meeting the 
inspection and test requirements of NEMA MW 1000 3-C. 

7.7 Workmanship 

Valves shall be manufactured, processed and tested in accordance with 
manufacturer's product assurance program per section 8.0. Valves shall be 
uniform in quality, cleanliness and free from cracked or deformed parts, sharp 
edges, burrs or other defects, which will affect performance, life or appearance. 

7.7.1 Rework 

All rework shall be done to baseline procedures and shall be documented 
as to insure traceability. 

7.7.2 Cleanliness 

Flow path shall be manufactured and tested in an environmentally 
controlled area. 

7.8 Reliability 

Devices supplied to this specification shall be qualified for long-term medical 
implant applications. 

7.8.1 Magnetic Susceptibility 

In an extemal magnetic field, the valves shall not pull open or be held 
open at field strength of less than 250 Gauss measured at the end of a 
valve. Value based on theoretical calculations performed on model and 
recorded in Infumedics report # TTR-0092-bl634, analysis performed by 
Myatt Consulting, Inc. Physical confirmation is not required. 

7.9 Electrical Leads 

Pull strength shall not drop below minimum requirements after periods of high 
temperature exposure. Electrical leads bend strength shall not drop below the 
minimum requirements after periods of high temperature exposure. Electrical 
leads shall withstand a one-pound pull and bend test without evidence of 
loosening, rupturing or any degradation of the valve performance. 
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8.0 Inspection 

8.1 In-Process Controls and Sample Inspection 

The manufacturer's in-process inspections and controls shall be documented and 
baselined. 

8.1.1 Fixtures and assemblies coming in contact with the flow path shall not 
generate particulate contamination. Fluids entering the valve shall be 
filtered with (.80 um or smaller) filter media; flow connections shall be 
corrosion resistant or passivated. 

8.1.2 Weld set-up certification, consisting of sectioning and inspecting sample 
welds, shall be perfomned at the beginning of each shift and after any set- 
up change. Certification shall include sectioning and inspection of sample 
welds. Welds shall be 100% helium leak tested to 1 x 10"^ atm cc/sec and 
shall be 100% visually inspected under magnification for non-conformity, 
cracking or discoloration. Destructive Physical Analysis (DPA): Samples 
of various subassemblies shall be subject to a minimum of first and last 
weld sample evaluation 

8.1 .3 Solder joints shall be 100% inspected to baseline criteria prior to terminal 
potting. Electrical solder joints shall meet the requirements of IPC-A- 
61 OD or equivalent. When the design specifies a two-stage soldered lead 
(e.g. magnet wire to terminal, then terminal to lead wire), a higher melting 
point solder shall be used at the magnet wire joint. Solder flux shall be 
type R or RMA. Solder joints shall be cleaned to remove all traces of flux 
and contamination. Temninals and lead wires shall be solderable when 
tested per MIL-STD-202, method 208. 

8.2 1 00 Percent Acceptance Test 

8.2.1 Valve assemblies shall be subjected to 100 percent Acceptance Tests as 
follows: 

Ipo Pull Open Current 

Iho Hold Open Current 

To Time Open 

Tc Time Closed 

DCR DC Resistance of the valve coil 

L Inductance of the valve coil 

IR Insulation Resistance between the valve case and coil 
Helium Leak Test 
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9.0 Test Methods 

9. 1 Unless otherwise specified, the following general test conditions shall apply 

9.1.1 Room Temperature 

9.1.2 Fluid: filtered (.8um) bacteriostatic water (0.2% phenol, balance sterile 
water). 

9.1 .3 Fluid Pressure: 25 ± 0.5 psig. 

9.1.4 Pulsing circuit, when specified. 

9.1.5 Pressure and flow direction: 

9. 1 .6 Inlet Valve: Side port to End port 

9.1.7 Outlet Valve: End port to Side port 

9.2 DC Resistance: Test method 303 of MIL-STD-202, correlated to 25°C. For 
copper conductor, use a temperature coefficient of resistance of 0.4 percent per 

"C. 

9.3 Inductance: Series resistance method at 1 KHz. 

9.4 Insulation Resistance (IR): Test method 302 of MIL-STD-202 at 1 0OVDC. 

9.5 Hermeticity of valve body (welds) and valve seats shall be measured with a 
helium mass spectrometer. 

9.6 Operating Current: Pull-open (Ipo) and hold-open (Iho) currents shall be 
measured using the test set-up~and waveform of TM-0092-00987 in the triangle 
wave mode output. Pulse Verification shall be checked using the test set-up of 
TM-0092-00987 with the test box in the pulse mode. Flow through the valve 
shall be verified. 

9.7 Response Time: Open time (to) and close time (tc) shall be measured using the 
test set-up and wa^etorm of TM-0092-00987 in ttie square wave mode output. 

9.8 Flow Rate: With 25 psid across the valve, measure the volume flowing per unit 
time. 

9.9 Electrical leads strength: shall be determined by pull strength per MIL-STD-202, 
method 21 1 A, test condition A, with a one-pound force. Bend testing shall be per 
MIL-STD-202, method 21 1 A, testing condition B, with a one-pound force for three 
cycles. 

10.0 Label and Packaging 

Valve assemblies shall be individually packaged in suitable containers to prevent 
contamination, damage or degradation during transportation, handling and storage. 
Devices shall be supported in a manner which prevents undue stress on the terminal 
leads and the valve-to-face plate Welds. Devices shall be shipped completely dry. 
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[11] Patent Nnmben 5,368;274 
[45] Date of Patent Nov. 29, 1994 

[57] ABSTRACT 

An electromagnetic valve comprising a housing having 
a fluid containing region and first and second ports in 
communication with the region, an electromagnet car- 
ried by the housing located external to the fluid contain- 
ing region, and a thin diaphragm of fluid impermeable 
material which hermetically isolates the electromagnet 
bom the flnid containing region. An armature is mov- 
ably positioned in the region and has a pole portion 
located for magn^c attraction by the electromagnet 
and has a plunger portion provided with a valve forma- 
tion for opening and closing one of the ports to place 
both ports in flnid communication through the fluid 
containing region of the housing and to block fluid 
communication between the ports. The armature is 
moved firom a rest poation through a forward stroke 
when attracted by the electromagnet to change the 
control state of the valve, and the armature is moved by 
a biasing spring in an opposite direction through a re- 
turn stroke back to the rest position. The armature pole 
portion is of a matprial selected to achieve a desirable 
balance between fluid compatibility and magnetic prop- 
erties for rapid and effective valve operation. Passages 
in the barrier and the armature pole portion allow the 
rs^id valve movement and accommodate babbles in the 
fluid, the armature is provided with structure for effec- 
tively guiding the same, and a valve seat structure re- 
sists fluid leaks. 

28 Claims, 2 Drawing Sheets 
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communication through the fluid contammg region of 
LOW POWER ELECTHOMACTfElIC VALVE the housing in one control state of the valve and to 

block flnid communication between the ports in another 
BACKGROUND OF TBDE INVENTION control state of the valve. The armature is moved from 

_ . , . . XL c -t;^! 5 a rest position through a forward stroke when attracted 

This invention relates to tiie art of electromagnetical- the dLtromagnefmeans to change the control state 

lyKq«atedfluidvalves,andmoreparticuIariytoan^^ of vSj^the armature is moved by biasing 
and unproved electromagnetic valve which operates at of^ ^ Z oZ^^te direction through a return stroke 
extremely low power for use m unplantable flmd dehv- ^J^Z'^S.Tb. annaturf pole portion has 
"rST^^ipalrrqnii^ments for a valve in such fluid 1° a lateral dhnension several times great^ than thel^^^^ 
deUv^ syS^e low power drain, since the valve tudinaldimensionthereof andisof air^selerted to 
miJ (SSy an impl^ battery, and compatibfl- achieve a desirable bahnc^ between fluid compatibihty 
ity with the drug being handled. Additional consider- and magnetic properties for rapid and effective valve 
ations include optimum magnetic characteristics of cer- operation. Passage means m the bamer means and the 
tain valve componeots, improved reliability and re- 15 armatiire pole portion allow for rapid valve movement 
dnced cost It would, therefore, be highly desirable to and accommodate bubbles m the fluid, the armature is 
provide an electromagnetically-operated valve which is provided with means for effectively guiding the same 
safe, reliable, li^t in weight, small in size, which oper- and a valve seat structure resists fluid leaks. A magnetic 
ates without excessive demand on the available energy dicuit is defined includmg the electromagnet means, 
supply and which is compatible with drugs or similar 20 ^he armature pole portion, a portion of the barrier 
Hqnids being handled. It also would be advantageous to means and a gap between the pole portion and the elec- 
provide such a valve which achieves a desirable balance tramagnet means located in the fluid containing region 
between drug compatibility of component material and of the housing and external to the electromagnet means, 
electromagnetic pn:q)crties of that mat p ri al . which in- gap is closed in response to electrical energization 

sures rapid and effective closing of the valve, which 25 electromagnet means to move the armature and 
accommodates bubbles in the fluid, which is resistant to change the control state of the valve. The valve is made 
fluid leaks, which provides effective guiding of moving electrically and magnetically- efficient by minimizing 
valve components and which is rdativdy easy to assem- ^j^^ within the magnetic circuit, by having the 

ble. pole fece area relatively large on the armature pole 

SUMMARY OF TEIE INVENTION portion and by having the el«^romagnet include a coil 

on a core of relatively small diameter. 
It is, therefore, a primary object of this mvenoon to The foregoing and additional advantages^and charac- 
provide a new and improved electromagnetically- tPriTrng features of the present mvention win become 
operated valve for use m hnplantable flmd deUvery clearly apparent upon a reading of the ensuing detailed 

systems. ^ , . . ^ , description together with the included drawing 

It is a more particular object of this mvention to ^^ex^- 
provide such a valve which operates at extremely low 

power levels. BRIEF DESCRIPTION OF TtlE DRAWING 

It is a further c*ject of this invention to provide such FIGURES 
a valve which is compatible with drugs and similar 40 ^ ^ devational view of a valve according 

^«at^^:Softhis^.on^^vi^^ ^^So^^^Tlri^Si lon^tudinal sectional view, 

a valve which achieves fjf«*l«=j^^^^f partly in elevation, of the valve of FIG. 1 and iUustrat- 

fluid compatibihty and elec^omagnetic properties of ^t^iim^t of the present invention; 

material of valve componente. 45 ^ . ^^^^ ^iew taken about on line 3-^ in 

It is a more particular object of this mvention to 2 ix:^"""^ 

provide such a valve which features rapid oporing and FiG- : cimil.r to FIG. 2 illustrating a valve 

closine. resists flnid leaks, accommodates bubbles m the r hj. ♦ is a view smmax lu j-avj. * uiua b 

cirang, roisis muu ^1™ according to another embodiment of the present mven- 

flnid and provides effective gnidmg of movmg valve aw^xuius 

L 50 tion; and 

T£?^er object of this invention to provide such FIG. 5 is a sectional view taken about on hue 5-5 in 

a valve which is small in size, light in wd^t, relatively FIG- *• 

easy to assemble and reliable in operation. DETAILED DESCRIPTION OF THE 

It is a further object of this invention to provide such ILLUSTRATED EMBODIMENT 

a valve which is dectrically and magnetically efficient. 55 ... , _i- 

■n^ ^t mvention providTT electromagnetic Rrferring now to FIGS. 1-^, a valve 10 according to 

val" cSnng a housing having a fluid contaming one embodmient of the present mventi^i mdudes a 

r^on and first and seco^ porU in communication housing 12 which is gen«^y hollow, either rectangu- 

^ the region, dectit^rt means carried by the lar or cj^drical m overall shape, and valve 10 m^^^^^^ 
housing locked external to the fluid contaming region <0 an mtenor region for contammg flmd. i.e. the hquid to 

of Sousmg, and barrier means in the form of a thm be ddivered. As shown m FIG. 2 die hoUow mt«ior 

diaphragm of fluid nnpermcable material which hermet- region is divided m a manner which wiD be <lescrt>ed 

icaUy Ses the dectromagnet from the fluid contain- mto a first chamber 14 and a second ch^ber 16 m flmd 

ine rejuon. An armature is movably positioned in the communication therewith. There is a first pwt gener- 
reiion^d has a pole portion located for magnetic at- 65 ally designated 18 in fluid commumcation ^mth the first 

t^on by tiie dectromagnet means and has a plunger chamber and adapted to be connect^ m the fluid han- 

poition provided witii valve means for opening and dhng drcuit. There is also a second port 20 m flmd 

dosing one of the ports to place both ports in fluid communication with the second chamber 16 and 
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adapted to be connected in the fluid handling circuit In Thus, chamber 16 is placed in fluid communication 

the illustrative valve shown, port 20 is connected to the with port 20 via die arrangement of passages 70 and 72 

relatively higher pressure portion of the circuit, and and chamber 74. Chamber 16 is placed in fluid commn- 

port 18 is connected to the relatively lower pressure nication with chamber 14 in the following manner, 

portion. Thus, port 20 may be viewed as the valve inlet 5 Another longitudinal bore or passage 90 is provided in 

and port 18 as the valve outlet. By way of example, in the body of retainer element 40, extending axially in- 

an illustrative implanted drug delivery system incorpo- wardly from end face 50 and located substantially dia- 

rating valve 10, the inlet and outlet 20 and 18, respeo- metrically opposite the passage 70. Body portion 30 is 

tively, would be connected in a fluid circuit between a provided with a recess 92 in the lower portion of the 
drug supply or reservoir and an outlet catheter for de- 10 wall thereof as viewed in FIG. 2 and located so as to be 

livering the drug to the body site. in fluid commimication with passage 90. Recess 92 is 

As shown in FIG. 2, housing 12 is generally hollow defined by an axially extending surface 94 and a radially 

including a body portion 30 of relatively substantial extending sur&ce 96 leading from surface 92 to the 

wall thickness. Hooang 12 also includes a first axial end inner wall surface of body portion 30. As a result, the 

portion 32 extending from one end of body 30, Le. the 15 interior of body portion 30, and thus chamber 14, is 

right-hand end as viewed in FIG. 2, and which is of placed in fluid communication with chamber 16 via the 

relativdy smaller wall thickness ter minating in an axial arrangement of passage 90 and recess 92. 

end face 34. Housing portion 30 defines an interior Port 20 is provided by the foUowing arrangement. A 

region of constant diameter having an inner surface 36. cylindrical recess of short axial length is provided in 

The housiag portion 30 terminates at the other end 20 housing axial end face 34 and te rmin a t e s in an inner 

thereof Le. the left-hand end as viewed in FIG. 2, in an annular end face 100. The inner surface 102 of the recess 

end&ce38. has a diameter larger than that of housing inner surface 

Housing 12 further comprises a spring retainer ele- 36. Surfaces 100 and 102 define an annular shoulder 

ment 40 in the form generally of a bushing having outer wUch receives the cylindrical body of a ferrule element 

i^inipnsinn«; substantially equal to the outer dimensions 25 104 in a tight-fitting relationship. Ferrule 104 has an 

of body portion 30 so as to be substantially flush there- inner axial end fiiice 106 exposed to the housing interior 

with. Element 40 includes an arial extenaon 42 having region and is provided with a central, boss-like axial 

an outer diameter substantially equal to the inner diame- extension 108 having an axial end face provided with an 

ter of the body portion 30 so as to be received therein in annular valve seat formation 110 which is shaped to 

a ti^t friction-like fit Extension 42 terminates in an 30 define a sharp annular edge fadng axially into the hons- 

annular shoulder defined by axial and cylindrical sur- ing interior region. A central bore or passage 112 of 

feces 44 and 46, respectively, for providing a spring constant diameter extends axiaUy-inwardly from valve 

retaining function in a manner which will be described. seat formationllO whereupon it meets a passage 114 of 

The opposite end of element 40 terminates in an axial increasing diameter. Ferrule 104 also has an outer axial 

end face 50. An annnlnr shoulder is defined by cylindri- 35 end face 116 which meets housiag end face 34 in a snb- 

cal and axial sur&ces^ 52 and 54, respectively, at the stantiaUy flush relationship. A cylindrical recess 118 is 

peripheral junction between end face 50 and flie outer formed in end face-116 and extends inwardly for about 

snr&ce of body 30. The shoulder receives one end of a half the axial length of ferrule 104. A fitting 120 having 

first weld ring element 60 having an outer diameter a cylindrical portion 122 and an annnlar flange or lip 

substantially equal to tiie outer dimensions of element 40 124 is receiv^ in recess 118. In particular, flie outer 

40 so as to be substantially flush therewith. Ring ele- diameter of lip 124 is substantially equal to the diameter 

ment 60 is welded at the one end thereof, Le. the right- of recess 118 to provide a tight fit The axial length of 

hand end as viewed in FIG. 2, to element 40 at the lip 124 is substantiafly equal to the axial length of recess 

aforementioned shoulder thereof in a suitable manner. 118 so that the outer annular sur&ce of Up 124 is sub-' 

Ring 60 is joined at the opposite end thereof to other 45 stantially finish with ferrule end face 116. Thus, a flow 

components of the pump housing in a manner which path is defined through the central passage of fitting 120 

will be described. and the passage x>ortions 112 and 114. 

Chamber 16 is placed in fluid communication with By way of example, in an iUustratrve valve, housing 

port 20 in the following manner. A first longitudinal 12 and the port fittings 84 and 120 all are of metal, and 

bore or passage 70 is provided in the body of retainer 50 for a drug delivery valve for implantation in a patient, 

element 40, extending axially inwardly from end face titanium has been formed to provide satisfactory results. 

50, and a second longitudinal bore or passage 72 is pro- In snch an illustrative valve, housing 12 has an overall 

vided in housing body portion 30 located so as to be length of 0.36 inch measured between the axial end face 

open at one end to passage 70 and to be near port 20 at 34 of body portion 30 and the outer axial end face of 

the other end thereof. A generally cylindrical chamber 55 wdd ring element 60. The inner surface 36 of housing 

74 is provided in honsing body portion 30 in registry body portion 30 has a diameter of 0.17 inch, and body 

with port 20 and located so that the other end of passage portion 30 has an outer dimension of 0.31 inch. Passages 

72 opens into the annnlar or circumferential waU of 70 and 72 have diameters of 0.038 inch and 0.020 inch, 

chamber 74. The one axial end of chamber 74 is defined respectively. Chamber 74 has an ioner diameter of 0. 12 

by an internal snr&ce in body portion 30. The opposite 60 inch and an axial length of 0.031 inch, and fitting 84 has 

axial end of chamber 74 is open to port 20 and is circnm- an inner diameter of 0.062 inch. Passage 90 has a diame- 

scribed by an annular recess defining a ledge 78 which ter of 0.038 inch. Passage 112 has a diam^er of 0.015 

engages an annular rim 82 of a tabular fitting 84 which inch, passage 114 has a maximam diameter of 0.055 

defines port 20. In the arrangement shown, the longitn- inch, and fitting 120 has an inner diameter of 0.032 inch, 

dinal axes of chamber 74 and fitting 84 are substantially 65 The valve of the present invention further comprises 

coincident The fitting 84 defining port 20 is adapted for electromagnet means generally designated 130 carried 

connection to a conduit such as a flexible tubing com- by housing 12 and located external to the fluid contain- 

prising a portion of the afore-mentioned fluid circuit ing region of the housing. As shown in FIG. 2 the elec- 
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tromagnet 130 inclndes a core 132 in the fonn of a spool 160 has a thickness of about 0.00 1 inch. Cofl 134 com- 

wfaich is generally solid cylindrical in shape. A coil 134 prises about 4580 turns of 43 gauge wire, 

is wound on spool 132 and contained within a hollow The valve according to the present invention further 

housing 136 generally cylindrical in shape. One end of comprises an armature generally designated 200 posi- 

electromagnet 130 is adjacent and in abutting relation to 5 tioned in the fluid containing region of housing 12. The 

housing 12 and the opposite end, Le. the left-hand end as armature has a pole portion located for magnetic attrac- 

viewed in FIG. 2 is closed by an arrangement including tion by the electromagnet 130, a plunger portion in the 

a washer 140 and a body 142 of encapsulant such as chamber 16 and a valve portion for opening and closing 

expoxy material. A pair of terminals 144,146 provide port 18. The armature 200 is movably supported in 

electrical connection firom a power source, such as a 10 housing 12 for movement from a rest position through a 

lithhmi battery charging circuit and c^jadtor, to dec- forward stroke when attracted by the electromagnet 

tromagnet 130. Electromagnet 130 is joined to hoosmg 130 to open port 18 to place the ports 18 and 20 in fluid 

12 in the following manner. communication throu^ the chambers 14, 16 and for 

The interior, fluid containing region of housing 12 movement in an opposite direction through a return 

and the electromagnet 130 are separated by a barrier 15 stroke back to the rest position closing port 18 and 

means of fluid impervious material in the form of a blocking fluid communication between ports 18,^ 

relatively thin plate or diaphragm-like component 160. through chambers 14,16. In FIG. 2, armature 200 is 

A second weld ring 162 is provided on the end of mag- shown in the rest position at the end of the return 

net bousing 136 adjacent housing 12. The outer diame- stroke. 

ter of ring 162 is substantially equal to the outer diame- 20 Armature 200 includes a shaft or rod portion 202 
ter of the first weld ring 60 so that the respective outer which is positioned in housing 12 with the longitudinal 
surfaces are substantially flush. The region between coil axis thereof generally coincident with the longitudinal 
134 and barrier 162 is filled with epoxy or like material axis of housing 12. A major portion of the length is a 
generally Hwagnat^-H 164. The housing and dectromag- section of relatively small diameter. Armature 200 in- 
net structures are placed in abutting relation on opposite 25 eludes a pole portion generally designated 204 which 
sides of the plate 160, and the assembly is secured to- occupies a major portion of chamber 16 in which it is 
gether by a weld jonimg the respective outer surfaces of located, and pole portion 204 has a lateral dimension as 
the weld rings 60 and 16Z In addition, an enlarged viewed in FIG. 2 which is several times greater than the 
awmilar end portiott 168 of ^)Ool 132 contacts the cen- longitudinal dimension thereof. In accordance with the 
tral portion of plate 160 in a manner supporting the 30 present invention, pole portion 204 comprises a body of 
same. In accordance with the present invention, the magnetic material within a titanium endosure, the en- 
central portion of barrier means or plate 160 is shiq>ed in capsulation provided by the titanium enclosure provid- 
a manner to inqjrove the operation of valve 10 duriiig ing protection against corrosion fixim insulin stabilized 
closng thereof in a manner •»*ich will be described. for use in implantable ddivery systems and other corro- 
_ Plate 160 is formed with an annular groove or depres- 35 sive drugs. In particular, pole portion 204 comprises a 
sion 170 in flie sur&ce fadng housing 12 and haviag an body 206 in the form of a disc. The enclosure comprises 
inner diam^er substantiafly equal to the outer diameter a thin-walled cap 208-having a base 210 contacting one 
of spool end 168 to recdve end 168 therein and axial fece of disc 206 and an annular rim 212 contacting 
strengthen plate 160. the periphery of disc 206. The enclosure is completed 
In accordance with the present invention, barrier 160 40 by a disc-shaped body 214 contacting the opposite axial 
also is formed with passage means generally designated end fece of disc 206 and abutting the rim 212 of cap 208. 
176 along the sor&ce facing housing 12 for a purpose to As shown in FIG. 2, rim 212 of cap 208 extends slightly 
be described. According to a preferred mode of the axially beyond the periphery of disc 206, body 214 fits 
present invention as illustrated in FIG. 3, barrier means within and contacts lim 212 and a wdd ring 220 em- 
160 is provided with four passage means or channels 45 braces the periphery of rim 212 so that ring 220, rim 212 
176 at 90 degree angular increments around the drcum- and the disc-shaped body 214 can be wdded together at 
ference of barrier 160. Each passage means or diannd the junctions thereof. 

176 extends in a radial direction between groove 170 The disc-shaped body 214 is provided with at least 

and the periphery of barrier plate 160. There is also one vent passage 224 therem to evacuate residual gas 

provided, in accordance with the present invention, 50 during assembly, the passage 224 being sealed by a plug 

lon^tudinally extending passage means 180 formed in 226 after assembly. Passage 224 is in the form of an 

the housing inner suifece for co-operating with the axially extendmg through bore m body 214. The provi- 

passage means 176 on the barrier means 160. In particu- sions of passage 224 and plug 226 is necessary because 

lar, the longitudinally frtmding passage means 180 are the small residual volume of gas within cup 208 must be 

provided along the inner surface of wdd ring 60, and as 55 evacuated to hold cup 208 tight agamst disc 206 even 

shown in FIG. 3. There are four passages 180 in circum- when the interior of valve 10 is at low pressure. Plug 

ferential registry or alignment with the channels 176. 226 is in the form of a filler pin and is welded in place 

The role of the channels 176 and passages 180 in the with the entire assembly under vacuum to close the vent 

operation of valve 10 will be described in detail pres- hole 224 in body 214. 

ojtly. 60 By way of example, in an illustrative valve, disc 206 

By way of example, in an illustrative valve, spool 132, has a diameter of about 0.27 inch, an axial length of 

magnet honang 136 and washer 140 are of ferromag- about 0.035 mch and is of 4750 nickd-iron alloy, body 

netic material, preferably 4750 nickd hon alloy. Plate 214 has a diameter of about 0.27 inch, an axial length of 

160 and wdd rings 60 and 162 are of titanium. Spool 132 about 0.14 inch and is of titanium, and cap 208 has a wall 

has a length of about 0.56 inch and a diameter of about 65 thickness of about 0.001 inch and is of titanium. The 

0.10 inch. Housing 136 has a wall thickness of about 4750 nickd-iron alloy has a rdativdy high saturation 

0.015 inch, rings 60 and 162 . have thicknesses of about flux density. Weld ring 220 has a thickness of about 

0.016 inch and 0.024 inch, respectivdy, and diaphragm 0.005 inch and is of titanium. Wdd ring 220 facilitates 
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wdding the thin material of cup 208 by sandwiching it is about 0.17 inch. The outer diameter of shaft 234 is 

between ring 220 and disc-shaped body 214 and then about 0.036 inch, the inner diameter of retainer 40 is 

making a laMr wdd. about 0.073 inch and the axial length of bushing 232 is 

Thus, the armature pole portion 204 terminates at the about 0. 12 inch. Spring 244 is fabricated from a molyb- 

end fadng dectromagnet 130 in an axial end face which 5 denum chromium nickel cobalt alloy MP35N which is 

serves as the pole face and is disposed substantially both corrosion resistant and smtable for spimg fabnca- 

perpendicular to the armature axis. The armature pole tion. The outer diameter of end face 254 of valve de- 

fece together with dectromagnet 130 define the mag- meat 250 is about 0.027 inch, and the diameter of i^e 

netic drcuit gap which is closed during the forward drcular edge of formation UO is about 0.027 mch. The 

armature stroke. The pole face is of rdativdy large 10 outer diameter of shaft section 238 is about 0.168 mch. 

cross-sectional area as compared to the cross sectional The sur£M«s which guide the longitudmal movonent 

area of the armature shaft portion 202. The armature of armature 200 are die pole button wdd rmg 220 and 

pole portion 204 serves as the plunger portion of the the annular flange 238. Flange 238 is provided with four 

armature, and as the pole fece moves toward plate 160 flats at 90 degree intervals around the circumference 

when magnet 130 is ener^zed, pole portion 204 upon 15 thereof; two of which are designa t ed and 262 260 m 

movmg in chamber 16 displaces fluid and moves it FIG. 2, to allow passage of the fluid flow past flange 

toward chamber 14 238. Ports 18 and 20 are provided with filters 264 and 

Armature shaft portion 202 is jomed to the pole por- 268, respectivdy, to protect against leaks caused by 

tion 204 via a sleeve-hke axial projection or bushing 232 fordgn particles which might oflierwise enter valve 10. 

extending fiom disc-shaped body 214 to which is at- 20 Fflters 264. 268 preferably are of the etched titanhim 

tached an armature rod or shaft 234. The outer diameter type. 

of bushing 232 is slightly smaller than the inner diameter In operation, port 18 is connected to an appropriate 

of retainer dement 40 so that bushing 232 is fredy longi- location in the rdativdy lower pressure portion of a 

tudinaDy movable along within retainer 40. The attach- fluid circuit, and port 20 is connected to a location m 

ment is made by crimping the bushing 232 which allows 25 the higher pressure portion of the circuit The armature 

the length of the plunger assembly to be changed to 200 is moved through the forward stroke m response to 

adjust the plunger stroke. Shaft 234 is provided with an dectrical energization of the dectromagnet 130. One 

enlargement at the end opposite bushing 232 which way of energizing magnet 130 is to charge a capacitor 

inchides two rdativdy larger diameter shaft sections. In fixnn a battery and then discharge diat capacitor 
particular, there is a first section 236 facing bushing 232 30 through coil 134. Other procedures can of course be 

and a second, axiafly adjacent section 238 which is of anployed for dectrically energizmg coil 134 m a 

larger diameter. The two sections are of rdativdy short known manner. Prior to dectrical ener^tion of .mag= 

axial length and they define therebetween a shoulder net 130,-aTmature 200 is in the Test position of FIG. 2 

fadng pole portion 204. where the valve body 250 at the end of armature 200 is 

There is provided biasing means in the form of a cofl 35 firmly seated against the valve seat formation UO to 

spring 244 for urging armature 200 toward the rest block fluid communication between port 18 and cham- 

poation shown in FIG. 2. One end of spring 244 seats in ber 14Jrhe end fece 254 of body 250 is hdd fimily and 

the annular shoulder defined by the armature shaft sec- sealingly against the edge of formation 110 by the force 

tions 236,238. The opposite end of spring 244 seats in of biasing spring 244. In the rest position of armature 
the annular shoulder defined by surfaces 44,46 of re- 40 200, the pole face of portion 204 is qaced firom bamer 

tsdner dement 40 previously described. Retainer 40 is plate 160 as shown m FIG. 2 thereby defining the gap m 

concentric with the armature shaft portion 202 and die magnetic circuit In the rest position this g^ be- 

receives sprmg 244 which also is concentric with arma- tween the pole face and di^hragm 160 is of maximum 

ture shaft portion 202. As previously described, the length. 

armature shaft portion 202, in particular bushing 232, is 45 When cofl 134 is energized, the armature pole portion 

fredy axiaHy movable within retainer 40. 240 is attracted toward dectromagnet 130 thereby caus- 

Aimature 200 has a valve portion at the axial end of ing armature 200 to be pulled toward di^hragm 160. 

the armature opposite that of the pole face portion 204 Hectromagnetic flux travels through the magnetic car- 

for closing the port 18 when the armature is m the rest cuit includmg core 132, washer 140, magnet housmg 
position and for opening port 18 when the armature is 50 136, wdd ring 162, the included portion of the perqih- 

moved during the forward pumping stroke. There is ery of dis^hragm 160 between wdd rings 162 and 60. 

provided a valve dement 250 m the form of a body of weld ring 60. armature pole body 206, and the gap 

dastomer material having a frustoconical shape with between the armature pole face and diaphragm 160. As 

the larger diameter axial end face thereof abutting the armature 200 is moved in the forward stroke, i.e. m a 
outer asal end face of armature shaft section 238- me- 55 direct to the left as viewed in FIG. 2, the armature pole 

ment 250 is secured to shaft section 238 by a fastener in portion 204 moves further into chamber 16, the arma- 

the form of a conical key deagnated 252. Element 250 ture pole fece moves closer to diaphragm 160 therd>y 

has an outer flat axial end face 254 adapted to sealing decreasing the gap in the magnetic drcuit, and the end 

contact the annular valve seat formation 110 in the fece 254 of valve dement 250 becomes unseated from 
closed condition or state of the valve as shown in FIG. 60 the annular valve seat formation 110 thereby placmg 

2. Sement 250 preferably is of siUcone rubber which port 18, chambers 14, 16 and port 20 in fluid communi- 

piovides a rdativdy soft valve seat more resistant to cation. Ruid thus flows fiom the rdativdy higher pres- 

flnid leaks. sure port 20 through chamber 74 and through passages 

By way of example, in an illustrative valve, the arma- 72 and 70 into chamber 16. fitrai chamber 16 through 
ture rod or shaft 234 and the enlargement defined by the 65 passage 90 and recess 92 mto chamber 14 and from 

two sections 236.238 are machmed from metal, piefera- chamber 14 out through port 18. The forward stroke of 

bly titanhnn. The overaD length between the end of armature 200 is against the biasmg force of spring 244 

shaft 234 within bushing 232 to outer fece of section 238 and is completed when the pole face thereof approaches 
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contact with diaphragm 160. During the foregoing between diaphragm 160 and the axial end face of weld 
mode of operation, movement of armature 200 is guided ring 60 to minimize the effective air gap mtroduced by 
by flange 238 and wdd ring 220 relative to the corre- diaphragm 160 at this pomt m the magnetic circmt In 
spending inner surfece portions of the valve honsmg. other words, diaphragm 160 is relatively thin m relation 
When electrical excitation of coil 134 ceases, arma- 5 to the afore-mentioned contact area. Related to this is 
ture 200 is moved in the opposite direction, Le. to the the need for welding di^hragm 160 to rmgs 60 and 162 
ririit as viewed in FIG. 2, by the force of biasing spring to achieve an hermetic seal between electromagnet 130 
244 until the armature reaches the rest position as and the fluid containmg region of housmg 12 while at 
shown m FIG 2 with end face 254 of valve element 250 the same time not adversely affecting the magnetic 
firmly seated on formation 110. Armature 200 then 10 drcuit. In addition, there is a relatively large surfece 
remains in the rest position of FIG- 2 closing port 18 area in relation to the gap or space between wddrmg 
and waiting for the next forward stroke which occurs 60 and fee periphery of armature pole portion 204 to 
when magnet 130 is energized again. In the illustrative minimize the effective air gap mtroduced at this pomt m 
mode where the cdl 134 is excited by the discharge of the magnetic circmt The relatively smaU dimeter of 
a capacitor therethrough, the time during which valve 15 core 132 provides the necessary number of ampere 
10 places ports 18 and 20 in communication, Le. the time turns with a minimum electrical resistance. The large 
during which valve 10 is open, is relatively short How- area of the pole face of the disc-shaped armature pole 
ever having the valve open for such a relatively short portion 204 provides a high magnetic force with a mim- 
time' is caUed for in typical implantable drug dosage mum number of ampere turns. Havmg the magnetic gap 
deUvery systems. Alternatively, valve 10 can be hdd 20 external to cofl 134. Le. between the armature pole face 
open for whatever longer duration may be desired sim- and diaphragm 160, allows the foregomg features to be 
ply by continuing the energization of magnet 130. Li the achieved simultaneously. 

foregomg mode of operation, when armature 200 ini- The valve 10 of the present invention is small in si^ 
tiaUy begins movement toward the rest position for having an overall outer dnnension of about 0.31 mch 
dosure of valve 10, the passage means or channels 176 25 and an over-all length of about 0.96 mch, and has the 
in barrier 160 serve to shorten the time required for the rdativdy h^t weight of about 5.2 grams. A valve of 
armature pole 204 to separate from barrier 160 at the the present invention as described hereinabove can be 
outset of armature movement The passage means or opened with an mitial power drain of as httle as 70 
djannds 176 also serve to reduce the possibility that the milhwatts and hdd open with 20 milhwatts power dram 
effects of surface tension, if some air should be present 30 therdjy operating at exceptionally low power levels, 
within the valve, might cause valve 10 to remain open FIGS. 4 and-5 show a valve 300 according to another 
after dectromagnet 130 is-no longer energized, in addi- embodiment of the present mvention. Cbmponente of 
tion, as shown in FIG. 2, the central portion of barrier valve 300 similar to those of valve 10 are identified by 
160 radially mwardly of annular groove 170 is provided the same reference numeral with a prime designation. A 
with a shriitly conical sh^ with the ^)ex or tip of the 35 principal difference between the two embodiments is 
cone pointing toward or feeing armature 200. The cone that armature 302-in valve 300 is sfanpler m structure 
thus defined is very blunt and nearly flat, the angle of and rdativdy easier to manufacture and assemble. In 
the cone measured relative to the longihidmal axis of particular armature 302 has a pole portion 304 compns- 
valve 10 being approximatdy 89*. The taper of this ing a soHd, mbnoUthic body having the sh^ or form of 
conical central portion oLbarricr 160 is sufBcient to 40 a disc. The circumferential surface 306 of pole portion 
change tiic behavior of the armature 200 during closmg 304 is located rdativdy close to the mncr surface of 
of valve 10 as compared to a completdy flat or planar wdd ring 60' so that annature pole portion 304 oaaipws 
central portion of barrier 160. In particular, the conical a major portion of the volume of chamber 16'. T^e 
central portion of barrier 1€0 is bdieved to prevent the lateral dimension of pole portion 304 is several tmiK the 
formation of a gas-fiquid mterface encircling the arma- 45 longitudinal dimension thereof. Pole portion 304 has a 
ture pole fece surface 210 m contact with barrier plate first axial end face 308 which faces toward barner 
160 which gas-hquid interface could stqjport a pressure means 160' and a second, opposite axial end face 310 
difference at the armature pole face snfBraent to over- which faces toward port 18'. Thus, end faces 308,310 
come the force of armature return spring thereby slow- are disposed substantiaUy perpendicular to the direction 
mg or interfering with closing of valve 10. 50 of travd of armature 302. 

The non-movable diaphragm 160 of titanium or like Pole portion 304 is exclusively of magnetic material, 
material provides an hermetic seal between the fluid in preferably a chrome-molybdenum-iron alloy which is 
housmg 12 and the dectrical components associated heat treated. Examples are 29-4 and 29-4C chrome- 
witii dectromagnet 130. Having armature 200 im- molybdenum iron alloy. This afloy has high corrosion 
mersedm the fluid makes operation of the valve nearly 55 resistance, and has adequate magnetic characteristics 
independent of amtwait pressure. The initial condition for use m valve 300 when heat treated. In otiier words, 
of the valve 10 when armature 200 is m the rest porition the alloy is heat treated to provide a BH characteristic 
of FIG 2 is that fluid is at sabstantiafly the same pres- for the alloy which yidds the requisite levd of magnetic 
sure on opposite ades of the armature pole portion 204, flux density and coerdve force. Furthermore, fee alloy 
Le. m fee two chambers 14 and 16. 60 is suffidentiy resistant to corrosive efl'ects of msuhn 

The valve 10 of fee present invention is made dectri- stabilized for use in implantable drug ddivery systems 
cally and magnetically cfBdcnt by minimizing fee total as well as ofeer corrosive drugs, 
gap withm fee magnetic drcuit, by having fee magnetic In particular, fee afore-mentioned chromc-molyb- 
pole face of armature pole portion 204 of rdativdy denum-iron alloy is a ferritic stamless sted alloy con- 
hffge surface area, and by having core 132 of rdativdy 65 tabndbng 29% chromium, 4% molybdenum and fee re- 
small cross-sectional area. In particular, there is a rela- mamder substantiaUy iron. The afore-mentioned heat 
tivdy large contact area at fee interfece between the treatment involves an anneal and rapid cool of fee anna- 
axial end face of wdd ring 162 and diaphragm 160 and ture pole portions 302. In particular fee procedure m- 
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volves a short magnetic anneal at a temperature above 
that which can form a harmful second phase in the alloy 
followed by cooling rapidly enough to avoid second 
phase formation but not so rapidly as to degrade mag- 
netic properties. Heating of armature pole buttons 302 5 
of 29-4 alloy is performed for example in a clamshell 
furnace at a temperature of about 1010° C for about 
twenty minutes whereupon the parts 302 are removed 
quickly to the ambient in a maimer allowing complete 
cooling for a minimum of 25 minutes. The cooling rate 10 
during the first portion of the cooling cycle firom 1010° 
C down to black, Le. down to 600° C, should be main- 
tained at about 60 seconds. 

The armature body 304 is provided with at least one 
passage means therethrougih, and in the valve shown 15 
two anally extending through bores or passages 312,314 
are shown. The passages 312,314 extend througih the 
entire axial length of armature body 304 between the 
axial end feces 308,310. Passage means 312,314 serve to 
reduce the time required for armature pole portion 304 20 
to separate from barrier means 160* during movement of 
armature 302 toward port 18' and to reduce surfece 
tension efEtcts between barrier means 106* and pole 
portion 304. The path for fluid flow defined by passage 
means 312,314 provides the foregomg results when 25 
energization of dectromagnet ISC' ceases and the force 
of spring 244' begins to move armature pole portion 304 
away from barrier means 106'. In addition, bamer 160' 
is provided with a central conical formation identical to 
that of barrier 160 in the embodiment of FIG. 2 and 30 
which functions in an identical manner for the same 
purpose. 

Thus, the one-piece pole portion 304 of armature 302 
contributes to tiie sinq>licity in structure and ease of 
manufacture and assembly. These advantages also result 35 
from the provision of an armature shaft portion 320 
which simply is fastened at one end to the pole portion 
304. In particular, armature shaft portion 320 includes a 
rod-like body 322 having an axial end face 324 which 
buts the axial end face 310 of pole portion 304. A rivet 40 
326 or similar fastening means is employed to simply 
attach shaft portion 320 to pole portion 304. The outer 
diameter of rod 322 is shgjitly smaller than the inner 
(^i^mp&pr of spring retainer 40". As in the previous em- 
bodiment, rod 322 is provided with an enlargement at 45 
the opposite end which includes two relatively larger 
diameter sections. In particular, there is a first section 
330 which faces pole portion 304 and a second, axially 
adjacent section 332 which is of larger diameter, the 
two sections being of relatively short axial length and 50 
defining a shoulder therdjetween facmg pole portion 
304 for recdving one end of biaang spring 244'. As in 
the previous embodiment, section 332 serves as a guid- 
ing flange to provide one of she surfaces which guides 
the longitudinal movement of armature 300. Flange 332 55 
is provided with four flats 334 at 90 degree intervals 
around the circumference thereof, as shown in FIG. 5, 
to allow passage of the fluid past flange 332. The other 
annatnre gnidkig surface is the peripheral surface 306 of 
armature pole portion 304. 60 

Armature 302 has a valve portion at the axial end 
thereof opposite pole portion 304 which valve portion is 
identical to valve element 2S(y of the previous embodi- 
ment In this embodiment, the valve seat formation 
which is sealingly contacted by end face 254' of valve 65 
dement 250* is defined by the annular edge or junction 
between the central opening or passage 340 and the 
conical end face 342 of ferrule dement 344 which doses 
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the one axial end of housiag 12', Le. the right-hand end 
as viewed in FIG. 4. In particular, conical end fece 342 
is formed on the end of a central body portion 346 of 
ferrule 344 which fits snugly in the housmg inner sur- 
face 36*. Ferrule 344 has an annular body portion 348 
which has an inner axial end face 350 which meets the 
axial end portion 32' of housing 36' and an outer axial 
end fiace 352. The outer diameter of body portion 348 is 
substantially equal to the outer diameter of housing 30' 
so that the respective outer surfeces are substantially 
flush. The conical surfece 342 is of simple constructions 
yet provides an effective valve seat formation. Plunger 
stroke adjustment is provided by shims 360 which are 
placed between housing end portion 32' and end face 
350 of ferrule 344. 

By way of example, in an illustrative valve, pole 
portion 304 has an outer diameter of about 0.264 inch 
and an axial length of about 0.036 indi, passages 312,314 
each have a diameter of about 0.040 inch, rod 322 has an 
axial length of about 0.16 inch and a diameter of about 
0.07 inch, conical surface 342 defines an angle of about 
10 degrees with a plane perpendicular to the longitudi- 
nal axis of armature 300 and passage 340 has a diameter 
of about 0.015 inch. 

It is therefore apparent that the present invention 
accomplishes its intended objects. While embodiments 
of the present invention have been described in detail, 
that is for the purpose of illustration, not limitation. 

What is claimed is: 

1. A low power dectromagnetic valve for use with 
implantable fluid ddivery systems, said valve compris- 
ing: 

a) a housing including a fluid containing region hav- 
ing first and second chambers and first and second 
ports in fluid commumcation with said first and 
second chambers, respectivdy; 
~ b)" dectromagnet means carried' by said housing and 
located externally of said fluid containing region; 

c) barrier means of fluid-impervious material for iso- 
lating said dectromagnet means from said fluid 
containing region of said housing; 

d) "an armature movably positioned in said fluid con- 
taining region of said housing and having a pole 
portion located in one of said first and second 
chambers for magnetic attraction by said dectro- 
magnet means and having a plunger portion pro- 
vided with valve means located in the other of said 
first and second chambers for opening and closing 
one of said ports to place said ports in fluid commu- 
nication through said fluid containing region of 
said housing in one control state of said valve and 
to block fluid communication between said ports 
through said fluid containing region of said housing 
in another control state of said valve; 

e) said armatnre pole portion comprising a solid body 
excluavdy of corrosion resistent magnetic material 
occupying a major portion of the one of said cham- 
bers in which it is located and having a lateral 
dimensions several times greater than the longitudi- 
nal dimensions thereof, said magnetic material con- 
sisting essentially of a heat treated alloy of chrome, 
molybdenum and iron; and 

{) means for defining a magnetic drcuit including said 
dectromagnet, said armature pole portion, a por- 
tion of said barrier means and a gap between said 
pole portion and said dectromagnet means located 
in said fluid containing region of said housing and 
external to said dectromagnet means for closing 
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said gap in response to dectrical energization of 
said dectromagnet to move said armature and 
change the control state of said valve. 

2. A valve according to claim 1, wherein said arma- 
ture pole portion contacts a surface of said banier 5 
means when said g^ is closed to change the control 
state of said valve and wherein said pole portion is 
provided with passage means through the body thereof 
to reduce the time required for said pole portion to 
separate from said banier means during movement of 10 
said armature and to reduce surface tension effects be- 
tween said barrier means and. said pole portion. 

3. A valve according to claim 1, wherein said arma- 
ture pole portion and said plunger portion are of fixed 
length and wherem said one port is located in a compo- 15 
nent of said houang separated from the remainder of 
said honsing by shim means so as to allow adjustment of 
the distance between said one port and said valve means 
on said plunger portioii. 

4. A valve according to claim 1, wherein said valve 20 
Tr»pnn<! comprises a valve seat carried by said plunger 
and having a surface disposed substantially perpendicu- 
lar to the direction of travd of armature and 
wherein said one port is defined on an inner surface of 
said housing having a frusto conical formation diverg- 25 
ing away fi»m said valve scat surface to facilitate initial 
fluid flow upon opening of said valve. 

5. A valve according to claim 1, wherein said arma- 
ture plnnger portion is provided with guiding means in 
the form of a flange disposed substantially perpendicu- 30 
lar to the direction of armature travd and having a 
peripheral surface in dosdy spaced relation to the inner 
surface of said housing. 

6. A valve according to claim 5, fiirther including at 
least one flow passage means formed in said peripheral 35 
sur&ce of said flange. 

7. A valve according to r'A^rm l, wherdn said housing 
is dongated having a longitudinal axis, said armature 
being positioned for movement along said housing lon- 
gitudinal axis,-and wherein said fhrid containing region 40 
of said housing and said dectromagnet means are in 
axially spaced relation along said housing longitudinal 
axis. 

8. A valve according to claim 1, wherein said arma- 
ture pole portion is formed of an alloy of chrome, mo- 45 
lybdenum and iron and then subjected to magnetic 
annealing for a relatively short time at a temperature 
above that whidi can form a harmful second phase in 
the alloy followed by cooling at a rate rapid enough to 
avoid second phase formation but not so rapid as to 50 
degrade the magnetic properties of the alloy. 

9. A low power dectromagnetic valve for use with 
implantable fluid delivery systems, said valve compris- 

a) a housing induding a fluid containmg region hav- 55 
ing first and second chambers and first and second 
pores in fluid communication with said first and 
second chambers, respectivdy; 

b) dectromagnet means carried by said housing and 
located externally of said fluid containiDg region; 60 

c) banier means of fluid-impervions material for iso- 
lating said dectromagnet means from said fluid 
containing region of said housing 

d) an armature movaWy positioned in said fluid con- 
taining region of said honsing and having a pole 65 
portion located in one of said first and second 
chambers for magnetic attraction by said dectro- 
magnet means and having a plunger portion pro- 
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vided with valve mf^ns located in the other of said 
first and second chambers for opening and closing 
one of said ports to place said ports in fluid commu- 
nication through said fluid containing region of 
said housing in one control state of said valve and 
to block fluid communication between said ports 
through said fluid containing region of said housing 
in another control state of said valve; 

e) said housing being dongated having a longitudinal 
axis, said armature being positioned for movement 
along said housing longitudinal axis, and said fluid 
containing region of said housing and said dectro- 
magnet means being in axially spaced rdation 
along said housing longitudinal axis; 

f) said armature pole portion occupying a major por- 
tion of the one of said chambers in which it is lo- 
cated and having a lateral dimension several times 
greater than the longitudinal dinaension thereof; 

g) said annature pole portion having a fluid-contain- 
ing section of mateiial which is compatible with 
the fluid dehvered by said system; 

h) means for defining a magnetic circuit including 
said dectromagnet, said armature pole portion, a 
portion of said barrier means and a gap between 
said pole portion and said dectromagnet means 
located in said fluid containing region of said hous- 
ing and external to said dectromagnet means for 
closing said g^ in response to dectrical energiza- 
tion of said dectromagnet to move said annature 
and change the control state of said valve; and 

i) said armature pole portion contacting said barrier 
means when said gap is closed to change the con- 
trol state of said valve and said barrier means in- 
duding a surface portion of conical shape wherein 
the apex of the cone faces toward said armature 
j»ole portion so asjto enhance the separation of said 
pole portion fr^m said barrier means during move- 
ment of said armature. 

10. A low power dectromagnetic valve for use with 
implantable fluid ddivery systems, said valve compris- 

a) a housing including a Quid contanung region hav- 
ing first and second chambers and first and second 
ports in fluid communication with said first and 
second chambers, respectivdy; 

b) dectromagnet means carried by said housing and 
located externally of said fluid containing region; 

c) barrier means of fluid-impervious material for iso- 
lating said electromagnet means from said fluid 
containing region of said housing; 

d) an armature movably positioned in said fluid con- 
taining region of said housing and having a pole 
portion located in one of said first and second 
chambers for magnetic attraction by said dectro- 
magnet means and having a plunger portion pro- 
vided with valve means located in the other of said 
first and second chambers for opening and closing 
one of said ports to place said ports in fluid commu- 
nication through said fluid containing region of 
said housing in one control state of said valve and 
to block flmd communication between said ports 
through said fluid containing region of said housing 
in another control state of said valv^ 

e) said armature pole portion comprising a solid body 
exclnsivdy of magnetic material occupying a 
major portion of the one of said chambers in which 
it is located and having a lateral dimension several 
times greater than the longitudinal dimensions 



5,368,: 

15 

thereof, said magnetic material consisting essential 
of a heat treated aDoy of chrome, molybdemnn and 
iron; 

f) means for defining a magnetic circnit indnding said 
electromagnet, said armature pole portion, a por- 5 
tion of said barrier means and a gap between said 
pole portion of said electromagnet means located in 
said floid containing region of said housing and 
external to said electromagnet means for closing 
said gap in response to electrical energization of 10 
said electromagnet to move said armature and 
change the control state of said valv^ and 

g) said armature pole portion contacting said barrier 
means when said gap is closed to change the con- 
trol state of said valve and said barrier means in- 15 
eluding a surface portion of conical shape wherdn 
the apex of the cone faces toward said armature 
pole portion so as to enhance the separation of said 
pole portion from said barrier means during move- 
ment of said armature. 20 

IL A low power electromagnetic valve for use with 
implantable fluid delivery systems, said valve compris- 
es: . . 

a) a housing including a fluid containing region hav- 
ing first and second chambers and first and second 25 
ports in fluid communication with said first and 
second diambers, respectively; 

b) electromagnet means carried by said housing and 
located externally of said fluid containing region; 

c) barrier means of fluid-impervious material for iso- 30 
lating said electromagnet means fitmi said fluid 
containing region~of said housinjg 

d) an armature movaWy-positioned in said fluid con- 
taining r^ion of said housing and. having a pole 
portion located in one of said first and second 35 
chambers for magnetic attraction by said electro- 
magnet means and having a plunger portion pror 
vided with valve means locatol in the other of said 
first and second chambers for opening and closing 
one of said ports no place said ports in fluid com- 40 
munication through said fluid containing region of 
said housing in one control state of said valve and 

to block fluid communication between said ports 
througji said fluid containing region of said housing 
in another control state of said valve; 45 

e) said housing being elongated having a longitudinal 
axis, said armature being portioned for movement 
along said housing longitudinal axis, and said fluid 
containing region of said houang and said electro- 
magnet means bdng in axially spaced relation 50 
along said housing longitudinal axi^ 

f) said armature pole portion occupying a major por- 
tion of the one of said chambers in which it is lo- 
cated and having a lateral dimension several times 
greater than the longitudinal dimension thereof; 55 

g) said armature pole portion having a fluid-contact- 
ing section of matpirinl which is compatible with 
and corrosion resistant to the fluid delivered by 
said system, said armature pole portion comprising 

a body of magnetic mati-rial within a titanium en- 60 
closure; and 

h) means for defining a magnetic circuit including 
said electromagnet, said armature pole portion, a 
portion of said barrier means and a gap between 
said pole portion and said electromagnet means 65 
located in said fluid containing region of said hous- 
ing and external to said electromagnet means for 
closing said gap in response to electrical energjza- 
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tion of said electromagnet to move said armature 
and change the control state of said valve. 

12. A valve according to claim 11, wherein said body 
is in the form of a disc and wherein said enclosure com- 
prises a cap having a base contacting one axial face of 
said disc and an flnn nlaT rim contacting the periphery of 
said disc ^nd a disc^shaped body contacting the opposite 
axial end foce of said disc and abutting said rim of said 
cap. 

13. A valve according to claim 12, wherein said rim 
of said cap extends shghtly axially beyond the periphery 
of said disc and said disc-shaped body fits within and 
contacts said rim of said cap and further including a 
weld ring embradng the periphery of said rim so that 
said ring, rim and disc-shaped body can be welded to- 
gether at the junctions thereof. 

14. A valve according to claim 12, fiirther including 
at least one vent passage provided in said disc shaped 
body to evacuate residual gas during assembly, said 
passage being sealed by a plug after assembly. 

15. A valve according to claim 11, wherein said body 
is of nidcel-iran alloy. 

16. A valve according to claim 11, wherdn said arma- 
ture pole portion is in the shape of a disc wherein the 
opposite axial end faces of said disc are disposed sub- 
stantially perpendicular to the direction of travel of said 
armature and wherein the periphery of said disc is lo- 
cated close to the inner sur&ce of said housing. 

17. A valve according to claim 11, further including 
filter means at said first and second ports. 

18. A valve according to claim 11, wherein said valve 
means comprises a valve element associated with said 
one-port and a valve seat carried by said plunger for 
contacting said valve element. 

19. A valve according to claim 18, wherein said valve 
element comprises an anniilaT body surroimding said 
one port and provided with a sharp annular edge axially 
facing toward said valve seat, and wherein said valve 
seat comprises a body of elastomer material on the end- 
of said plunger having a flat axial surface adapted to 
sealrngly contact said annular edge. 

20. A valve according to claim 11, wherein said valve 
means comprises a valve seat carried by said plunger 
and having a surface disposed substantially perpendicu- 
lar to the direction of travd of said armature and 
wherein said one port is defined on an inner surface of 
said housing having a finsto conical formation diverg- 
ing away from said valve seat surface to fadlitate initial 
fluid flow tqxjn opening of said valve. 

21. A low power dectromagnetic valve for use with 
implantable fluid dehvery systems, said valve compris- 

a) a housing including a fluid contaming regiqn hav- 
ing first and second chambers and first and second 
ports in fluid communication with said first and 
second chambers, respectivdy; 

b) dectromagnet means carried by said houstog and 
located externally of said fluid containing region; 

c) barrier means of flnid-imj)erviotis material for iso- 
lating said dectromagnet means from said fluid 
containing region of said housing; 

d) an armature movably positioned in said fluid con- 
taining region of said housing and having a pole 
portion located in one of said first and second 
chambers for magnetic attraction by said dectro- 
magnet means and having a plunger portion pro- 
vided with valve means located in the other of said 
first and second chambers for opening and dosmg 
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one of said ports to place said ports in fluid commu- 
nication tluvagh said flmd containing region of 
said housing in one ccmtrol state of said valve and 
to block flidd connnnnication between said ports 
through said fluid containing region of said housing 
in another control state of said valvc^ 

e) said housing bang elongated having a longitudinal 
axis, said armature being positioned for movement 
along said housing longitudinal axis, and said fluid 
containing region of said housing and said electro- 
magnet means being in axiaUy spaced relation 
along said housing longitudinal axis; 

f) said armature pole portion occupying a major por- 
tion of the one of said chambers in which it is lo- 
cated and having a lateral dimension several times IS 
greater than the longitudinal dimension thereof; 

g) said armature pole portion having a fluid-contact- 
ing section of matoial which is compatible with 
and corrosion resistant to the Quid delivered by 
said system; and 

h) means for defining a magnetic circuit including 
said dectromagnet, said armature pole portion, a 
portion of said barrier means and a gap between 
said pole portion and said electromagnet means 
located in said fluid containing region of said hous- 25 
ing and external to said electromagnet means for 
closing said gap in response to- electrical energiza- 
tion of said electromagnet to move said armature 
and change the control state of said valve; 

i) said armature pole portion contacting a surface of 30 
said barrier means-when said gap is closed to 
change the control state of said valve and said 
barrier means being provided with passage means 
along said surface to reduce the time required for 
said pole portion to separate from_said barrier 
means daring movement- of said armature and to. 
reduce sur&ce tension effects between said barrier 
and said pole portioiL 

22. A valve according to claim 21, wherein said arma- 
ture pole portion has a peripheral surface in closely 40 
spaced relation to the inner surface of said housing and 
farther including longitudinally extending passage 
means formed in said peripheral surface for co-operat- 
ing with said passage means on said barrier means. 

23. A valve according to claim 21, wherein said anna- 45 
ture pole portion has a peripheral surface in closely 
spaced rdation to the inner surface of said housing and 
fiirther including longitadinally extending passage 
means formed in said housing inner surface adjacent 
said pole portion peripheral surface for co-operating 
with said passage means on said barrier means. 

24. A low power electromagnetic valve for use with 
implantable fluid delivery systems, said valve compris- 

™8= ..... 

a) a housing including a fluid containing region hav- 
ing first and second chambers and first and second 
pores in fluid communication with said first and 
second chambers, respectivel)^ 

b) dectromagnet means carried by said housing and 
located externally of said fluid containing region; 

c) barrier means of fluid-impervious m a ter ial for iso- 
lating said electromagnet means fitnn said fluid 
containing region of said housing 

d) an armature movably portioned in said fluid con- 
taining re^on of said housing and having a pole 65 
portion located in one of said first and second 
chambers for magnetic attraction by said dectro- 
magnet means and having a plunger portion pro- 
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vided with valve means located in the other of said 
first and second chambers for opening and closing 
one of said ports to place said pwrts in fluid commu- 
nication through said fluid containing region of 
said housing in one control state of said valve and 
to block fluid communication between said ports 
through said fluid containing region of said housing 
in another control state of said valv^ 

e) said armature pole portion being provided with a 
longitudinally extending bushing and said armature 
plunger portion comprising a shaft recdved in said 
bushing so that the length of the plunger can be 
changed to adjust the stroke; 

f) said housing being elongated having a longitudinal 
axis, said armature being positioned for movement 
along said housiag longjtadinal axis, and said fluid 
containing region of said housing and said electro- 
magnet means being in axially spaced rdation 
along said housing longitudinal axis; 

g) said armature pdie portion occupying a major 
portion of the one of said chambers in which it is 
located and having a lateral dimension several 
times greater than the longitudinal dimension 
thereof; 

h) said armature pole portion having a fluid-contact- 
ing section of material which is compatible with 
and corrosion resistant to the fluid deUvered by 
said system; and 

i) means for defining a magnetic circuit including said 
dectromagnet, said armature p>ole portion; a por- 
tion of said barrier means and a gap between said 
pole portion and said electromagnet means located 
in said fluid containing region of said housing and 
external to said dectromagnet means for closing 
said gap in response to dectrical ener^zation of 
said dectromagnet to move said armature and 
change the control state of said valve. 

25. A low power dectromagnetic valve for use with 
implantable fluid delivery systems, said valve compris- 
ing: 

a) a housing including a fluid containing region hav- 
ing first and second chambers and first and second 
ports in Quid communication with said first and 
second chambers, respectively; 

b) dectromagnet means carried by said housing and 
located externally of said fluid containing region; 

c) barrier means of fluid-impervious material for iso- 
lating said dectromagnet means &om said fluid 
containing region of said housing; 

d) an armature movably positioned in said fluid con- 
taining region of said housing and having a pole 
portion located in one of said first and second 
chambers for magnetic attraction by said dectro- 
magnet means and having a plunger portion pro- 
vided with valve means located in the other of said 
first and second chambers for opening and dosing 
one of said ports to place said ports in fluid commu- 
nication through said fluid containing region of 
said housing in one control state of said valve and 
to block fluid communication between said ports 
through said fluid containing region of said housing 
in another control state of said valve; 

e) said housing being dongated having a longitudinal 
axis, said armature bdng positioned for movement 
along said housing longitudinal axis, and said fluid 
containing region of said housing and said electro- 
magnet means being in axially spaced rdation 
along said housing longitudinal axis; 
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f) said annatme pole portion occapying a major por- 
tion of the one of said chambers in which it is lo- 
cated and having a lateral dimension several times 
greater than the longitudinal dimension thereof; 

g) said armature pole portion having a fluid-contact- 5 
ing section of mat&nal which is compatible with 
and corrosion resistant to the fluid delivered by 
said system; 

h) Ttip^TH! for defining a magnetic circuit including 
said electromagnet, said armature pKjIe portion, a 
portion of said barrier means and a gap between 
said pole portion and said electromagnet means 
located in said fluid containing region of said hous- 
ing and external to said electromagnet means for 
closing said gap in response to electrical energiza- 
tion of said electromagnet to move said armature 
and change the control state of said valv^ and 

i) said armature plunger portion being provided with 
guiding means in the form of a flange disposed 2q 
substantially perpendicular to the direction of ar- 
mature travel and having a peripheral surface in 
closely spaced relation to the inner surface of said 
housing. 

26. A valve according to claim 25, further including 25 
at least one flow passage "ipan^i formed in said periph- 
eral surface of said flange. 

27. A low power electromagnetic valve for use with 
implantable fluid delivery systems, said valve compris- 
ing: 30 

a) a housing including a fluid containing region hav- 
ing first and second chambers and first and second 
portsJn flirid-commimication -v/ifh said first and 
second chambers, respectively; 

b) electromagnet means carried by said housing and 35 
located externally of said fluid containing region; 

c) barrier means of fluid-impervious material for iso- 
lating said electromagnet means firom said fluid 
containing region of said housing 

d) an armature movably portioned in said fluid con- ^ 
taining region of said housing and having a pole 
portion located in one of said first and second 
chambers for magnetic attraction by said electro- 
magnet means and having a plunger portion pro- 
vided with valve means located in the other of said 
first and second chambers for opening and closing 
one of said ports to place said ports in fluid commu- 
nication through said fluid containing region of 
said housing in one control state of said valve and ^ 
to block fluid communication between said ports 
through said fluid containing region of said housing 

in another control state of said valve; 

e) said housing being elongated having a longitudinal 
axis, said armature being positioned for movement 
along said housing longitudinal axis, and said fluid 
containing region of said housing and said electro- 
magnet means being in axially spaced relation 
along said housing longitudinal axi^ 

Q said armature pole portion occupying a major por- go 
tion of the one of said chambers in which it is lo- 
cated and having a lateral dimension several times 
greater than the longitudinal dimension thereof; 

g) said armatore pole portion having a fluid-contact- 
ing section of material which is compatible with 65 
and corrosion resistant to the fluid delivered by 
said system, said armature pole portion comprising 
a soKd body of chrome-molybdenum-iron alloy 



heat treated to provide enhanced magnetic flux 
density and coercive force properties; and 
h) means for defining a magnetic circuit including 
said electromagnet, said armature pole portion, a 
portion of said barrier means and a gap between - 
said pole portion and said electromagnet means 
located in said fluid containing region of said hous- 
ing and external to said electromagnet means for 
closing said gap in response no electrical energiza- 
tion of said electromagnet to move said armature 
and change the control state of said valve. 
28. A low power electromagnetic valve for use with 
implantable fluid delivery systems, said valve compris- 
ing: 

a) a housing including a fluid containing region hav- 
ing first and second chambers and first and second 
ports in fluid communication with said first and . 
second chambers, respectively; 

b) electromagnet means carried by said housing and 
located externally of said fluid containing region; 

c) barrier means of fluid-impervious material for iso- 
lating said electromagnet means firom said fluid 
containing region of said housing 

d) an armature movably positioned in said fluid con- 
taining region of said housing and having a pole 
portion located in one of said first and second 
chambers for magnetic attraction by said electro- 
magnet means and having a plunger piortion pro- 
vided with valve means located in the other of said 
first and second chambers for opening and closing 
one of said ports to place said ports in fluid commu- 
nication throng said fluid containing region of 
said housing in one control state of said valve and 
to block fluid communication between said ports 
through said fluid containing region of said housing 
in another control state of said valv^ 

e) said armature pole portion and said plunger portion 
being of fixed length and said one port being lo- 
cated in a component of said housing s^Kirated 
from tbe-remainder of said houang by shim means 
so as to allow adjustment of the distance between 
said one port and said valve means on said plunger 
portion; 

f) said housing being elongated having a longitudinal 
axis, said armature being positioned for movement 
along said housiag longitudinal axis, and said fluid 
containing region of said housing and said electro- 
magnet means bong in axially spaced relation 
along said housing longitudinal axi^ 

g) said armature pole portion occupying a major 
portion of the one of said chambers in which it is 
located and having a lateral dimension several 
times greater than the longitudinal dimension 
thereof; 

h) said armature pole jxntion having a flidd-contact- 
ing section of matexial which is conq)atible with 
and corrosion resistant to the fluid deUvered by 
said system; and 

i) in pang for defining a magnetic circuit including said 
electromagnets said armature pole portion, a por- 
tion of said barrier means and a gap between said 
pole portion and said electromagnet means located 
in said fluid containing region of said housing and 
external to said electromagnet means for closing 
said gap in response to electrical energization of 
said electromagnet to move said armature and 
change the control state of said valve. 
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From Fig. 1 of the V53 Assembly Specification 



1 . A low power electromagnetic 
valve for use with implantable fluid 
delivery systems, said valve 
comprising: 



The implantable fluid delivery system referenced is the 
Prometra® Programmable Pump System (the "Medical 
Device") which is designed to administer a controlled 
delivery of Infrjmorph® directly into a user's spinal 
cord. Patient Guide, 5, 29. The use of the valves 
patented in U.S. Patent No. 5,368, 274 (the "Valve 
Patent") in the Medical Device resulted in a drug 
delivery acciM-acy of 96.8% with a 90% confidence 
interval of 95.5%-97.7%o during a six-month clinical 
trial. Patient Guide, 18-19. As demonstrated by 
Figure 1 in the Patient Guide, page 42, the valve is a 
fundamental component of the Medical Device. As 
shown in the diagram of the actual valve used in the 
V53 Assembly Specification docimient, page 42, the 
valve used -in the Medical Device is claimed in the 
Valve Patent. 

The valve is an incorporated component of the Medical 
Device, which also includes a Dosing Chamber. The 
Medical Device is described as having a "triple 
redundancy flow controller system," which is the 
device disclosed in the Valve Patent. Patient Guide, 
30. That "triple redundancy flow control system," i.e. 
the valve, provides for a precise and accurate flow rate 
of drugs. Patient Guide, 3 1 . 

Further, the valves and corresponding Dosing Chamber 
are "the most mechanically complex component[s] of 
an implantable pvimp," and the valves also consume 
very little energy from the implanted battery, extending 
the life of the battery. White Paper, 6-7. 
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Two valves are used in the Medical Device, such that 
there is an "inlet valve" that receives inflowing fluid 
and there is an "outlet valve" that allows fluid to flow 
out. White Paper, 5. 



a) a housing including a 
fluid containing region 
having first and second 
chambers and first and 
second ports in fluid 
communication with said 
first and second chambers, 
respectively; 



Each valve has a casing (the housing) allowing fluid to 
flow into the valve casing (the fluid containing region) 
fi-om an inlet port and then through the outlet port (first 
and second ports). White Paper, 5. As shown by the 
diagram included with the V53 Valve Set Assembly 
Specifications material, there are two chambers 
(labeled "A") in respective communication with the 
mlet and outlet ports (labeled "B"). 




b) electromagnet means 
carried by said housing and 
located externally of said 
fluid containing region; 



The valves manufactured to be used with the Medical 
Device require the electromagnetic coil windings and 
electrical leads to be insulated from the case and-any 
other-rounded parts. V53 Valve Set Assembly 
Specificatrons, 8. This insulation necessarily requires 
the electromagnetic portions of the valve (labeled 
generally as "A") not to be contained in the fluid- 
containing region of the housing (labeled generally as 



"B"), as seen in the specification diagram. 




c) barrier means of fluid- 
impervious material for 
isolating said electromagnet 
means from said fluid 
containing region of said 
housing; 



The electromagnetic components are part of the valve 
casing are isolated from the fluid-containing region 
through barrier material (labeled "A"). V53 Valve Set 
Assembly Specifications, Attachment 1 . See also. 
Valve Patent, Fig. 2 & 4. 
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d) an armature movably 
positioned in said fluid 
containing region of said 
housing and having a pole 
portion located in one of 
said first and second 
chambers for magnetic 
attraction by said 
electromagnet means and 
having a plunger portion 
provided with valve means 
located in the other of said 
first and second chambers 
for opening and closing one 
of said ports to place said 
ports in fluid 

communication through said 
fluid containing region of 
said housing in one control 
state of said valve and to 
block fluid communication 
between said ports through 
said fluid containing region 
of said housing in another 
control state of said valve; 



The armature plunger (labeled "A") referenced in the 
claim is illustrated in the assembly specifications. 



m^/////////A 




Using the electromagnetic means attached to the 
housing of the valve, the valve becomes "open" 
(thereby placing the inlet and outlet ports in fluid 
communication) when the electromagnet is energized. 
V53 Valve Set Assembly Specifications, 3. The valve 
is closed (thereby blocking the fluid communication 
between the two ports) by de-energizing the 
electromagnet and having a spring return the armature 
to default position. V53 Valve Set Assembly 
Specifications, 3. 



e) said armature pole portion 
comprising a solid body 
exclusively of corrosion 
resistent magnetic material 
occupying a major portion 
of the one of said chambers 
in which it is located and 
having a lateral dimensions 
several times greater than 
the longitudinal dimensions 
thereof, said magnetic 
material consisting 
essentially of a heat treated 
alloy of chrome, 
molybdenum and iron; and 



The armature pole portion referenced is labeled "A" in 
the diagram below. As is demonstrated, its lateral 
dimensions are greater than its longitudinal dimensions, 
and it occupies a major portion of the chamber in which 
it resides. 



m'////////A 




All metals used in fabricating the valve are "corrosion 
resistant or plated or treated to resist corrosion when 
dissimilar metals are iised in intimate contact with each 
other." V53 Assembly Specification, 7. See also V53 
Assembly Specification, Attachment 1, Figure 1 
(showing the same or a substantiaUy similar 
representation of the armature pole portion that 
responds to energizing of the electromagnetic 
component of the valve). 
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f) means for defining a 
magnetic circuit including 
said electromagnet, said 
armature pole portion, a 
portion of said barrier means 
and a gap between said pole 
portion and said 
electromagnet means located 
in said fluid containing 
region of said housing and 
external to said 
electromagnet means for 
closing said gap in response 
to electrical energization of 
said electromagnet to move 
said armature and change 
the control state of said 
valve. 



As stated above, the valve contains an electronically 
activated solenoid. Principles of Operation, 1 . When 
the coil in the valve casing is energized, it causes the 
valve to open. When energy is no longer applied to the 
coil, a return spring causes the armature to return to the 
closed position. V53 Assembly Specification, 3. The 
Medical Device uses a pair of valves such that both 
valves are never opened at the same time, meaning that 
both valves are never energized to open 
simultaneously. White Paper, 5. 

The valve is energized by a battery encased in the 
Medical Device. Patient Guide, 19. The life of the 
battery is dependent on the rate at vs^hich the valve 
allows delivery of the drug, such that a higher flow rate 
results in a shorter battery life. Patient Guide, 19. 
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EXHIBIT F 



statement of Relevant Dates 
and Information Required 
Under 35 U.S.C. § 156(g) 



Exhibit F 



Statement of Relevant Dates and Information Required Under 35 U.S.C. § 156(g) 
To Determine the Applicable Regulatory Review Period for a Medical Device 

1 ) The Effective Date of the Investigational Device Exemption (IDE) and the IDE Number 

Applicant submitted IDE # G060192 on September 15, 2006, with the FDA granting 
conditional approval for the IDE in a letter dated October 19, 2006. Applicant responded to the 
FDA's questions in the October 19, 2006 letter on December 1, 2006. The FDA fully approved 
the IDE in a letter issued to Applicant on January 1, 2007. 



2) The Date On Which the Application for Product Approval under § 515 of the Federal Food, 
Drug, and Cosmetic Act Was Initially Submitted & the Application Number 



Applicant opted to pursue regulatory approval through the FDA's Premarket Approval 
Application Modular Review program. Applicant submitted the following: 



Submission (FDA Reference No.) 


Submission Date 


PMA Module 1 (M070007.M001) 
PMA Module 2 (M070007.M002) 
PMA Module 3 (M070007.M003) 
PMA Module 4 (M070007.M004) 


August 24, 2007 
January 31, 2008 
December 13,2007 
April 3, 2008 



The FDA had received all modules and filed the PMA submission on April 11, 2008. The 
appUcation number for the full PMA is P080012. 

3) The Date On Which the Application Was Approved 

As of the submission of this application for interim patent term extension, the FDA has 
not given AppUcant final approval to use or market the Medical Device commercially. In a letter 
to Applicant dated February 7, 2012, the FDA approved the PMA with BARD as the 
manufacturer of several components of the Medical Device: the filter seal, the suture wings, the 
caimula strain relief, and the guidewire. However, during the pendency of the regulatory review 
period, BARD ceased production of these components, requiring Applicant to obtain these items 
from a different manufacturer. While the FDA's February 7, 2012 letter states that Applicant 
could begin commercial distribution of the Medical Device, the FDA has since withheld final 
permission to use or market the Medical Device commercially until it determines that the 
components produced by the new manufacturer (Proven Process Medical Devices, Inc.) are 
acceptable. Thus, the regulatory review of the Medical Device is continuing, and Applicant is 
still unable to use or market the Medical Device commercially. 



EXHIBIT G 




A Brief Description of 
Significant Activities 
Undertaken by Applicant 
During the Regulatory 
Review Period 




Exhibit G 



A Brief Description of the Significant Activities Undertaken by Applicant During 

THE Applicable Regulatory Review Period 



The Preliminary Regulatory Review Period (IDE) 



Description of Event 


Submission/ 
Event Date 


FDA 
Jveceipi 
Date 


FDA 
Issue Date 


JT LfA xvespunsc 


Submission of Original IDE # 


9/15/2006 


10/19/2006 


10/19/2006 


Conditionally 


G060192 








Approved 


InSet response to questions 


12/1/2006 


12/4/2006 


1/3/2007 


Fully Approved 


from FDA letter dated 








IDE 


10/19/06 










InSet submission of minor 


2/5/2007 


2/8/2007 


3/2/2007 


Approved 


modifications to protocol 










r nst r atient h,nroliea m luh 


-3 /I r\ic\n 








Study 










Submission oi 2008 Annual 


1/25/2008 


1/28/2008 


i/26/2008 


Add 1 Into. 


Progress Report for PUMP-1 








Required— 2008 
Annual Progress 
Report Question 
Set#l 


InSet submission of Six- 


1/25/08 


1/28/2008 






Month Report 










Submission of InSet 


2/20/08 




3/21/2008 


Approved 


modifications to clinical trial 










IDE Study stops enrolhnent 


2/25/08 








of new patients 
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InSet response to 2008 
Annual Progress Report 
Question Set #1 


2/29/2008 




4/2/2008 


Add'l Info. 
Required— 2008 
Annual Progress 
Report Question 
Set #2 

Owl jT£^ 


Request for continued access 

"fVir olinifal tnf)l 


2/29/2008 


3/3/2008 


4/2/2008 


Disapproved — 
Continued Access 
Question Set #1 


Final clinical report 
completed 


3/20/08 








InSet response to 2008 
Annual Progress Report 
Question Set #2 (amended on 
06/05/08) 


5/31/2008 




6/27/2008 


Add'l Info. 
Required— 2008 
Annual Progress 
Report Question 
Set #3 


InSet resubmission of IDE 
continued access request, 
addressing FDA's previous 
concerns in prior disapproval 


5/30/2008 




7/2/2008 


Disapproved — 
Continued Access - 
Question Set #2 


Submission of addendum to 
InSet' s response to Question 
Set #2 jfrom FDA's response 
to the 2008 Annual Progress 
Report & submission of 
additional clinical 
information 


6/5/2008 




6/27/2008 


Add'l Info. 
Required— 2008 
Annual Progress 
Report Question 
Set #3 


InSet submission for 
compassionate use of 
Hydromorphone for Patient 
10506 


6/4/08 




6/26/2008 


Approved 


InSet response to 2008 
Annual Progress Report 
Question Set #3 


8/8/2008 


8/12/2008 




Approved 
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InSet submission of revised 
clinical protocol for 
Continued Access 


9/10/2008 




10/9/2008 


Conditionally 
Approved for 2 
institutes, 22 
subjects — 
Continued Access 
v^uesuon oet nj 


InSet request for 
compassionate use of 
Dilaudid for Patient 10121 


9/23/08 




10/24/2008 


Approved 


InSet request for 
compassionate use of 
Hydromorphone for Patient 
10512 


11/14/2008 


11/17/2008 


12/17/2008 


Disapproved 
(recommended 
IND) 


Response to Continued 
Access Question Set # 3 


12/1/2008 


12/3/2008 


12/30/2008 


Conditionally. 
Approved for 2 
institutes, 22 
subjects — 

V_^U11L111U.CU. /\UC/Coo 

Question Set #4 


Response to Continued 
Access Question Set # 4 


1/6/2009 


1/6/2009 


1/30/2009 


Fully Approved for 
7 institutes, 90subj 


Submission of 2009 Annual 
Progress Report — PUMPl 


1/9/2009 


1/12/2009 


2/11/2009 


Add'l Info. 
Required— 2009 
Annual Progress 
Report Question 
Set#l 


Submission of pump and 
catheter material updates and 
sterilization contractor 
changes (additional Email 
communication conducted) 


2/10/2009 


2/11/2009 


3/13/2009 


Approved 


Response to 2009 Annual 
Progress Report Question Set 
#1 


3/9/2009 


3/11/2009 


05/12/09 


Issued General 
Letter of Concern 
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Response to FDA's General 
Letter of Concern 05/12/09; 

proposal lO IIIILIL new pclLlCIILo 

enrolled to Infiimorph only 


5/27/2009 


6/2/2009 


6/2/2009 


Disapproved — 
scheduled meeting 
for 7J2M09 


oUDnussion lor proioLoi 
changes using Infiimorph 


8/1 0/9009 


8/19/9009 


9/n /2009 


A nTYTHVPH 


Submission of Current 
Investigator Report 


Q/1 1 nf\f\Q 


yl /.Jl z.\j\jy 






Submission of proposal to 
add 3 sites to PUMP2 study 


11/19/2009 


1 1/23/2009 


12/18/2009 


Disapproved 


Submission of 2010 Annual 
Progress Report for PUMPl 
&PUMP2 


2/1/2010 


2/17/2010 


3/19/2010 


No Add'l Info 
Required — ^Raised 

concerns and 
suggested protocol 

TP VI nn 

X V XOHJiJ. 


Response to concerns raised 
from the 20 1 0 Annual 
Progress Report 


7/2/2010 


7/6/2010 






Protocol modification (P- 
01rev6 and P-02rev5) to add 
mecnomsm lor wiincirawn 
patient follow-up and support 


7/20/2010 


7/21/2010 


8/19/2010 


Fully Approved 7 
institutes, 90 


InSet submission of Current 
Investigator Report-2010 


8/20/2010 


8/23/2010 






Submission of protocol 
modification (P-01rev8 and 
P-02rev7) to add additional 
follow-up data collection to 
support regulatory 
submissions 


9/13/2010 


9/14/2010 
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Pump changed to ceramic 
crystal, extending the shelf 
life of catheter from 6 months 
to 2 years and the shelf life of 
the pvanp from 1 year to 2 
years 


10/25/2010 


10/27/2010 


11/26/2010 


Requested 
attachments 


Submission of Applicant 
name change from InSet to 
Medasys (sent on Medasys 
letterhead) 


12/1/2010 


12/3/2010 




Requested a copy 
on InSet letterhead 


Submission of Applicant 
name change from InSet to 
Medasys (sent on InSet 
letterhead) 


12/7/2010 


12/8/2010 






Response to question from 
FDA's conditional approval 
letter dated 11/26/10, 
regarding the pump-change to 
ceramic crystal, extending the 
-shelf life of catheter from 6 
months to 2 years and 
exienumg me sneii iiie oi me 
pump from 1 year to 2 years 


1/7/2011 


1/10/2011 


2/9/2011 


Conditionally 
approved— Pump 
Change Question 
Set 


Submission of Final Report 

lOr r UlVJLr-l 


2/15/2011 


2/16/2011 


3/15/2011 


Accepted 


Submission of supplement to 
request for an additional site 
for PUMP-2 


3/16/2011 


3/18/2011 


4/15/2011 


Disapproved 


Request for 60-day extension 
to respond to Pump Change 
Question Set (originally due 
5/25/2011) 


3/24/2011 


3/25/2011 


3/30/2011 


Accepted 


Baclofen fridication 


5/13/2011 


5/16/2011 
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Withdrawal of Baclofen 
Indication 


5/19/2011 


5/20/2011 


6/15/2011 


Withdrawal 
Accepted 


Response to Pxamp Change 
Question Set 


5/20/2011 


2/23/2011 


6/17/2011 


Approved 


Final Report for PUMP-2 


7/15/2011 


7/18/2011 


8/11/2011 


Accepted 



The Primary Resulatory Review Period CP MA) 



Description 


Submission 
Date 


FDA 
Receipt 
Date 


FDA 
Letter 
Issue Date 


FDA 
Response 


Submission of Module 1 of the 
Premarket Approval Application 
("PMA") 


8/24/07 


8/27/07 


11/9/07 


deficiency 
letter 


Response to FDA's letter of 1 1/9/07 
re: Module 1 


3/18/08 








Submission of Module 2 of PMA 


1/31/08 


2/5/08 


6/6/08 


deficiency 
letter 


Submission of Module 3 of PMA 


12/13/07 


12/18/07 


3/21/08 


deficiency 
letter 


Response to FDA's questions re: 
Module 3 


4/1/08 








Submission of Module 4 of PMA 


4/3/08 


4/11/08 


7/1/11 


deficiency 
letter 


FDA received all Modules and filed 
PMA submission 




4/11/08 






Submission of Panel Review 
Amendment 


6/6/08 


6/9/08 


7/18/08 


deficiency 
letter 


Submission of 1 00 Day PMA Review 
Amendment 


6/17/08 


6/18/08 


7/18/08 


deficiency 
letter 


Submission of amendment 
concerning Module 2, correcting 
company names and relationships 


6/26/08 


6/30/08 


7/18/08 


deficiency 
letter 
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Response to Question 4 from 7/18/08 
FDA Letter re: drug stability 


9/4/08 


9/5/08 


10/31/08 


deficiency 
letter 


First response to Question 1 from 
7/18/08 FDA letter 




9/9/08 


11/4/08 


deficiency 
letter 


Second response to Question 1 from 
7/18/08 FDA letter 


1 1/25/08 


1 1/26/08 


8/19/09 


deficiency 
letter 


Extension Request for Prometra® 
programmable Infusion Pump System 


1/14/09 


1/15/09 


8/19/09 


deficiency 
letter 


Response from InSet to FDA 
Deficiency Letter dated 7/18, 08 


3/14/09 


3/16/09 


8/19/09 


deficiency 
letter 


Response from InSet to FDA letter 
dated 7/31/08 


4/9/09 


4/10/09 


8/19/09 


deficiency 
letter 


Call with FDA re: letter dated 7/3 1/08 


4/9/09 








Response to FDA letter dated 5/12/09 


6/12/09 


6/16/09 


8/19/09 


deficiency 
letter 


_Submissioirfrom InSetof a PMA 
Amendment & Response to FDA 
letter dated 8/18/09 


10/30/09 


11-/2/09 


-8/5/10 


- deficiency 
letter 


Submission of Sterilization Testing 
(Section 2, part V) 




11/23/09 


8/5/10 


deficiency 
letter 


Unknown Amendment 


3/11/10 


3/11/10 


8/5/10 


deficiency 
letter 


Amendment to change applicant's 
name to Medasys 


11/29/10 


11/30/10 




Entered 
Amendment 


Submission of PMA Amendment & 
Response to FDA letter dated 8/5/10 


1/30/11 


1/31/11 


7/1/11 


deficiency 
letter 


Submission of PMA Amendment & 
response to FDA letter dated 7/1/11, 
withdrawinff comnonent material and 
manufacturing changes 


7/22/11 


7/25/11 


2/7/12 


Approved 


Submission of PMA Amendment to 
include signed clinical form 3674 


11/29/11 


11/30/11 


2/7/12 


Approved 
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FDA gives approval to PMA with 
filter seal, suture wings, cannula 
strain relief, and guidewire 
manufacture by BARD 






2/7/12 




Subjtnission of amendment to Final 
Labeling 


2/23/12 


2/27/12 


3/14/12 




Submission of amendment to change 
name of applicant to Flowonix 
Medical, Inc. 


3/2/12 


3/5/12 




Approved 



The Supplemental Regulatory Review Period* 



Description 


nYTi iccmn 

Date 


FDA 
Receipt 
Date 


FDA 
Response 
Date 


FDA 
Response 


Submission of supplement for 
final PAS protocol (clinical) 


51 ji iZ 


"J /A/1 0 


J/ji LZ 


Approved 


Submission of supplement for 
final PAS protocol (stability) 


3/5/12 


3/6/12 


5/4/12 


Approved 


Submission of supplement for 
final PAS protocol (L-E) 


3/5/12 


3/6/12 


5/4/12 


Approved 


Submission of supplement for 
MRI Conditional (real time) 


4/19/12 


4/20/12 




Deficiency 


Submission of supplement for a 
change in the guidewire suppher 


4/19/12 


4/20/12 




Pending 


Submission of supplement for a 
change in the suture wing 
suppher 


4/19/12 


4/20/12 




Pending 


Submission of supplement for a 
change in the filter seal supplier 


4/19/12 


4/20/12 




Pending 



* To date, Flowonix Medical has not received pennission from the FDA to use or market the Medical Device 
until a supplemental review of the Medical Device is completed to determine whether a different supplier of the 
guidewire, suture vraig, and filter seal components of the Medical Device are acceptable. The previous suppher of 
these parts (BARD) stopped production of these components during the pendency of the Medical Device's 
regulatory review. 



8 



EXHIBIT H 



Statement of Patent Term 
Extension Eligibility and 
Statement of the Length of 
Extension Claimed 



Exhibit H 

Statement of the ApplicajNt's Opinion that the Valve Patent Is Eligible for 
Extension and a Statement as to the Length of the Extension Claimed 

Reason for Which an Interim Extension Is Available 

In the opinion of Flowonix Medical, Inc., ("Applicant"), U.S. Patent No. 5,368,274 (the 
"Valve Patent") is eligible for an interim patent term extension pursuant to 35 U.S.C. 
§ 156(d)(5). Applicant is currently only petitioning for a one-year extension under § 156(d)(5) 
until the earlier of one year from the cxarrent expiration date of the patent or regulatory approval 
from the Food and Drug Adminisfration. AppUcant submits that the Valve Patent satisfies all the 
requirements for an interim extension. 

(1) 35 U.S.C. § 156(a). The Valve Patent claims a medical device. 

(2) 55 U.S.C. § 156(a)(1). The term of the Valve Patent has not expired before 
submission of the instant application. 

(3) 35 U.S.C. § 156(a)(2). The term of the Valve Patent has never been extended under 
35 U.S.C. § 156(e)(1). 

(4) 35 U.S.C. § 156(a)(3). The instant application for interim patent term extension is 
being submitted by an authorized agent of the record owner of the Valve Patent, 
Flowonix Medical. 

(5) 35 U.S.C. § 156(a)(4). The pending product for which approval is sought, Prometra® 
Programmable Implantable Pump (the "Medical Device"), has been and is continuing 
to be subject to a regulatory review period before its commercial marketing or use as 
evident from Exhibit E and Exhibit F. 

(6) 35 U.S.C. § 156(a)(5)(A). The fiurst commercial marketing of the Medical Device 
will follow the approval of request for approval for the commercial marketing or use 
of the Medical Device. 

(7) 35 U.S.C. § 156(c)(4). No other patent has been extended under 35 U.S.C. 
§ 156(e)(1) for the same regulatory review period as the pending Medical Device. 
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(8) Applicant reasonably believes that it will receive final approval from the Food and 
Drug Administration ("FDA") for the Medical Device. 

The length of interim extension of the term of the Valve Patent claimed by Applicant is 
one (1) year. 

Calculation of Term Extension 

AppUcant submits that the maximum length of term extension available for the Valve 
Patent based on approval of the Medical Device, when approved, will be five (5) years, and the 
length of extension will be determined as follows. 

As defined in 37 C.F.R. § 1.777, the length of the regulatory review period for a medical 
device is the sum of (1) and (2) below: 

(1) The number of days in the period beginning on the date a clinical investigation on 
humans involving the device was begun and ending on the date an application 
was initially submitted with respect to the device under section 5 15 of the Federal 
Food, Drug, and Cosmetic Act; and 

(2) The number of days in the period beginning on the date the application was 
initially submitted with respect to the device under section 515 of the Federal 
Food, Drug, and Cosmetic Act, and ending on the date such application was 
approved under such Act. 

The period specified by (1) is the number of days in the period beginning on the date IDE 
# G060192 became effective (FDA gave full approval on 1/3/2007) and ending on the date PMA 
No. P080012 was submitted (the FDA filed a submission of the four PMA Modules on 4/1/2008 
as a complete PMA). This period is 455 days. 

The period specified by (2) is ongoing, but the period to date has been at least the number 
of days in the period beginning on the date PMA NO. P080012 was submitted until the date the 
present apphcation for interim patent term extension, which is August 30, 2012. This period is 
1611 days. 

Pursuant to 37 C.F.R. § 1.777(d), Applicant expects that the length of the extension 
available for the Valve Patent will be the maximum allowed, which is five years. The term of 
the Valve Patent as extended was calculated as follows: 
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(1) 37 C.F.R. § 1.777(d)(l)(i). The Valve Patent issued on November 29, 1994. The 
number of days in periods (1) and (2) above that were on and before the date on 
which the patent issued is zero (0) days. Therefore, period (1) still totals 455 days 
and period (2) still totals 1611 days. 

(2) 37 C.F.R. § 1.777 (d)(l)(ii). Applicant submits that it has acted with due diligence 
during the entire regulatory review period. Accordingly, the period specified by 37 
C.F.R. § 1.777(d)(l)(ii) is zero (0) days. Therefore, period (1) still totals 455 days 
and period (2) still totals 1611 days. 

(3) 37 C.F.R. § 1.777(d)(l)(iii). The period specified by 37 C.F.R. § 1.777(d)(l)(i) is 
455 days. One half of this period is 227.5 days (treated as 227 days). Therefore, 
period (1) totals 227 days and period (2) still totals 161 1 days. Summing periods (1) 
and (2) together results in a period of 1888 days. 

(4) 37 C.F.R. § L777(d)(2). The original term of the Valve Patent, as there are no 
terminal disclaimers, expires September 17, 2012. Adding 1888 days to this current 
patent term would extend the term of the Valve Patent to~November 18, 2017. 

(5) 37 C.F.R. § 1. 777(d)(3). PMA No. P080012 has not been fiilly approved yet. If the 
PMA were approved on August 30, 2012, the date specified by 37 C.F.R. 
§ 1.777(d)(3) would be August 30, 2026. Accordingly, the date specified by 37 
C.F.R. § 1.777(d)(3) can be no earUer than August 30, 2026. 

(6) 37 C.F.R. § 1.777(d)(4). The earUer of November 18, 2017 and August 30, 2026 is 
November 18, 2017. 

(7) 37 C.F.R. § 1.777(d)(5). The term of the Valve patent expires on September 17, 
2012. Adding five years results in a date of September 17, 2017. The earlier of this 
date and the date specified by 37 C.F.R. § 1.777(d)(4) is September 17, 2017. 

Thus, pursuant to 37 C.F.R. § 1.777(d), Applicant expects that the length of the extension 
available for the Valve Patent will be the maximum allowed, which is five years. Applicant also 
expects that the applicable regulatory review period under 35 U.S.C. § 156(g) that began for the 
Medical Device will extend beyond September 17, 2012, the date when the Valve Patent expires. 
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Exhibit H 

Applicant therefore requests an interim one-year extension of the term of U.S. Patent No. 
5,368,274. 
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EXHIBIT I 



Letter from the FDA Dated 
February 7, 2012 



DEPARTMENT OF HEALTH & HUMAN SERVICES 



Public Health Service 



Food and Drug Administration 
10903 New Hampshire Avenue 
Document Control Room -W066 
p^g _y 2012 Silver Spring, MD 20993-0002 



Ms. Jill Schweiger 

Vice President, Clinical Studies and Regulatory Affairs 
Medasys, Incorporated 
500 International Drive 
Suite 200 

Mount Olive, New Jersey 07828 



Re: P080012 

Prometra Programmable Infusion Pump System 
Filed: April 11,2008 

Amended: June 9, 2008; June 18, 2008; June 30, 2008; September 5, 2008; September 
8, 2008; November 26, 2008; January 15, 2009; March 16, 2009; April 10, 2009; June 
16, 2009; November 2, 2009; November 23, 2009; March 1 1, 2010; December 8, 
2010; January 3 1 , 201 1 ; July 25, 201 1 ; and November 30, 20 1 1 
Procode: LKK 



Dear Ms. Schweiger: 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug 
Administration (FDA) has completed its review of your premarket approval application 
(PMA) for the Prometra Programmable Infusion Pump System. 

The Prometra Programmable Infusion Pump System is indicated for intrathecal 
infusion of Inflimorph (preservative-free morphine sulfate sterile solution) or 
preservative-free sterile 0.9% saline solution (Sodium Chloride Injection, USP). 

We are pleased to inform you that the PMA is approved. You may begin comihercial 
distribution of the device in accordance with the conditions of approval described below. 

The sale and distribution of this device are restricted to prescription use in accordance with 2 
CFR 801.109 and under section 515(d)(l)(B)(ii) of the Federal Food, Drug, and Cosmetic Ac 
(the act). FDA has determined that this restriction on sale and distribution is necessary to 
provide reasonable assurance of the safety and effectiveness of the device. Your device is 
therefore a restricted device subject to the requirements in sections 502(q) and (r) of the act, i 
addition to the many other FDA requirements governing the manufacture, distribution, and 
marketing of devices. 
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Expiration dating for the Prometra Programmable Infusion System has been established and 
approved for each separately packaged component as follows: 

• Prometra Pump: 2 years 

• hitrathecal Catheter Kit: 2.75 years 

• Catheter Access Port Kit: 4.91 years 

• Pump Refill Kit: 4.91 years 

• Tunneler Kit: 4.91 years 

Continued approval of this PMA is contingent upon the submission of periodic reports, 
required under 21 CFR 814.84, at intervals of one year (unless otherwise specified) from the 
date of approval of the original PMA. Two copies of this report, identified as "Annual 
Report " (please use this title even if the specified interval is more frequent than one year) and 
bearing the applicable PMA reference number, should be submitted to the address below. The 
Annual Report should indicate the beginning and ending date of the period covered by the 
report and should include the information required by 21 CFR 814.84. 

In addition to the above, and in order to provide continued reasonable assurance of the safety 
and effectiveness of the device, the Annual Report must include, separately for each model 
number (if applicable), the number of devices sold and distributed during the reporting period, 
including those distributed to distributors. The distiibution data will serve as a denominator 
and provide necessary context for FDA to ascertain the frequency and prevalence of adverse 
events, as FDA evaluates the continued safety and effectiveness of the device. 

In addition to the Annual Report requirements, you must provide the following data in post- 
approval study reports (PAS). Two copies, identified as "PMA Post-Approval Study Report" 
and bearing the applicable PMA reference number, should be submitted to the address below. 

1 . As a condition of approval, you have agreed to conduct the post-approval studies (A 
prospective, non-randomized, open-label, multicenter study to evaluate the long-term 
safety of the Prometra Programmable Pump System). The PAS protocol includes, but 
is not limited to the following items: 

a. It will be performed at up to 30 centers in the US. 

b. A total of 400 subjects will be enrolled to ensure at least 300 vnll be followed for 
five years. 

c. The primary endpoint is to assess the 5-year rate of granuloma formation. The 
primary hypothesis is that the 5-year granuloma rate is less than 3% (with a 3% 
margin). Secondary endpoints are to assess the long-term device performance 
including: (1) Pump failure (time to occunence, type, and number of occurrences), 
(2) pump battery life, (3) device-related-adverse events, and (4) device-related 
serious adverse events. The stiidy vrill also include a descriptive evaluation of the 
effect of race and ethnicity on granuloma formation, and the effect of alternative 
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drugs on granixloma formation. 

d. The study participants will consist of two groups: (1) Group A: newly enrolled 
study subjects, and (2) Group B: subjects previously enrolled in the PUMP I or 
PUMP 11 study. Approximately 25% patients enrolled in PUMP I and PUMP II 
studies will be enrolled into Group B. Subjects shall be seen at least once every 90 
days (± 30 days) from the date of implantation (Group A) or PAS enrollment 
(Group B) throughout the study. 

2. As a condition of approval, you have agreed to conduct the following non-clinical 
post-approval studies: Post-Approval Extended Use Stability (Rev C) and Post- 
Approval Leachables (Rev C). This PAS is a non-clinical study to evaluate the long- 
term interactions between your device system and the indicated drug product. The 
protocols include, but are not limited to, the following items: 

a. The primary objectives of the studies are to demonstrate: 

Extended Use Stability Study 

i. Stability of Infumorph in Prometra infusion pumps for a period of 90 
days; 

ii. Stability of Infumorph after multiple refills over the lifetime-of the 
pump (10 years) in the pump reservoir; and 

iii. Pump function by assessing pump flow rate throughout study duration. 
Leachables Study 

iv. To perform controlled extraction studies to assess acceptable limits of 
any identified leachable materials (in consideration of the ICH Q3B and 
PQRI publication "Safety Thresholds and Best Practices for 
Extractables and Leachables in Orally Inhaled and Nasal Drug 
Products.") 

V. In parallel with the activities performed in accordance with the 
controlled extraction study, samples will be placed v^thin the 
appropriate chambers and pulled at the appropriate time points. 
Samples at each pull point will be stored and placed for routine testing 
once the methods are established from the controlled extractable study. 

b. Study Samples: Sixteen (16) Prometra pumps will be included in the Extended 
Use Stability study. Eight (8) Promefra pumps will be included in the Leachables 
study. 
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c. Endpoints: 

Extended Use Stability Study 

i. Assay will be compared to a control solution at each time point. 

ii. Related substances, unknown impurities, appearance and pH will be 
reported. Related substances and unknown impurities will be assessed 
for safety impact at each time point. 

iii. As the study progresses, appropriate criteria for identified degradation 
products will be established in accordance with ICH Q3B and PQRI 
recommendations and will be supported with appropriate safety 
justifications. The established specifications will be submitted to FDA 
for evaluation. 

iv. Flow rate accuracy shall be within ±1 5% of the set point at each 
timepoint. 

Leachables Study 

V. Results from leachable analysis over the sample periods will be 
assessed for safety impact at each time point. 

vi. As the study progresses, appropriate criteria for the identified leachables 
will be established in accordance with ICH Q3B and PQRI 
recommendations and supported wdth appropriate safety justifications. 
The established specifications will be submitted to FDA for evaluation. 

d. . The overall study duration will be 126 months after FDA's PMA Approval, which 

includes the analysis and submission of the Final Study Report. 

Please be advised that the results from this study should be included in the labeling as these 
data become available. Any updated labeling must be submitted to FDA in the form of a PMA 
Supplement. 

FDA would like to remind you that you are required to submit PAS Progress Reports every six 
months during the first two years and annually thereafter. The reports should clearly be 
identified as Post-Approval Study Report. The progress reports will include results and 
analysis of testing conducted on samples at time points preceding the progress report. 
Deviations should also be identified in the progress reports. Two copies, identified as "PMA 
Post-Approval Study Report" and bearing the applicable PMA reference number, should be 
submitted to the address below. For more information on post-approval studies, see the FDA 
guidance document entitled, "Procedures for Handling Post-Approval Studies Imposed by 
PMA Order" http://www.fda.gov/MedicalDevices/DeviceRegulationan dGuidance 
/GuidanceDocuments/ucm070974.htm 
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Be advised that the failure to conduct any such study in compliance with the good clinical 
laboratory practices in 21 CFR part 58 (if a non-clinical study subject to part 58) or the 
institutional review board regulations in 21 CFR part 56 and the informed conserit regulations 
in 21 CFR part 50 (if a clinical study involving human subjects) may be grounds for FDA 
withdrawal of approval of the PMA. 

Within 30 days of your receipt of this letter, you must submit a PMA supplement that includes 
complete protocols of your post-approval studies. Your PMA supplement should be clearly 
labeled as a "Post-Approval Study Protocol" and submitted in triplicate to the address below. 
Please reference the PMA number above to facilitate processing. If there are multiple 
protocols being finalized after PMA approval, please submit each protocol as a separate PMA 
supplement. For more information on post-approval studies, see the FDA guidance document 
entitled, "Procedures for Handling Post-Approval Studies Imposed by PMA Order" at the web 
site stated above. 

Before making any change affecting the safety or effectiveness of the device, you must submit 
a PMA supplement or an alternate submission (30-day notice) in accordance with 21 CFR 
814.39. All PMA supplements and alternate submissions (30-day notice) must comply with 
the applicable requirements in 21 CFR 814.39. For more information, please refer to the FDA 
guidance document entitled, "Modifications to Devices Subject to Premarket Approval (PMA) 
- The PMA Supplement Decision-Making Process" f www.fda.gpv/MedicalDevices 
/DeviceReeulationandGuidance/GuidanceDocuments/ucm089274.htm ). 

You are reminded that many FDA requirements govern the manufacture, distribution, and 
marketing of devices. For example, in accordance with the Medical Device Reporting (MDR) 
regulation, 21 CFR 803.50 and 21 CFR 803.52, you are required to report adverse events for 
this device. Manufacturers of medical devices, including in vitro diagnostic devices, are 
required to report to FDA no later than 30 calendar days after the day they receive or otherwise 
becomes aware of information, from any source, that reasonably suggests that one of their 
marketed devices: 

1 . May have caused or contributed to a death or serious injury; or 

2. Has malfunctioned and such device or similar device marketed by the 
manufacturer would be likely to cause or contribute to a death or serious injury if 
the malfunction were to recur. 

Additional information on MDR, including how, when, and where to report, is available at 
www.fda.gov/MedicaIDevices/Safetv/ReportaProblem/default.htm . 

In accordance with the recall requirements specified in 21 CFR 806.10, you are required to 
submit a written report to FDA of any correction or removal of this device initiated by you to: 
(1) reduce a risk to health posed by the device; or (2) remedy a violation of the act caused by 
the device which may present a risk to health, with certain exceptions specified in 21 CFR 
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806.10(a)(2). Additional information on recalls is available at 
www.fda.gov/Safetv/Recalls/IndustrvGuidance/default.htm . 

CDRH does not evaluate information related to contract liability warranties. We remind you; 
however, that device labeling must be truthful and not misleading. CDRH will notify the 
public of its decision to approve your PMA by making available, among other information, a 
summary of the safety and effectiveness data upon which the approval is based. The 
information can be found on the FDA CDRH Internet HomePage located at 
www.fda.ROv/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearance 

s/PMAApprovals/default.htm . Written requests for this information can also be made to the 
Food and Drug Administration, Dockets Management Branch, CHFA-305), 5630 Fishers Lane, 
Rm. 1061, Rockville, MD 20852. The written request should include the PMA number or 
docket number. Within 30 days from the date that this information is placed on the Internet, 
any interested person may seek review of this decision by submitting a petition for review 
under section 515(g) of the act and requesting either a hearing or review by an independent 
advisory committee. FDA may, for good cause, extend this 30-day filing period. 

Failure to comply with any post-approval requirement constitutes a ground for withdrawal of 
approval of a PMA. The introduction or delivery for introduction into interstate commerce of 
a device that is not in compliance with its conditions of approval is a violation of law. 

You are reminded that, as soon as possible and before commercial-distribution of your device, 
you must submit an amendment to this PMA submission with copies of all approved labeling 
in final printed form. Final printed labeling that is identical to the labeling approved in draft 
form wall not routinely be reviewed by FDA staff when accompanied by a cover letter stating 
that the final printed labeling is identical to the labeling approved in draft form. If the final 
printed labeling is not identical, any changes fi-om the final draft labeling should be 
highlighted and explained in the amendment. 

All required documents should be submitted in triplicate, unless otherwise specified, to the 
address below and should reference the above PMA number to facilitate processing. One of 
those three copies may be an electronic copy (eCopy), in an electronic format that FDA can 
process, review and archive (general information: http://www.f da.gov/MedicalDevices 
/Device'RegulationandGuidance/HowtoMarketYourDevice/Prem arketSubmissions/ucml3450 

8.htm ; clinical and statistical data: http://wvyw.fda.eov/Med icalDevices 
/DeviceRegulationandGuidance/HowtoMarketYourDevice/Pre marketSubmissions/ucml3637 

Lhtm) 

U.S. Food and Drug Administration 
Center for Devices and Radiological Health 
PMA Document Mail Center - WO66-G609 
1 0903 New Hampshire Avenue 
Silver Spring, MD 20993-0002 
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If you have any questions concerning this approval order, please contact LCDR Alan M. 
Stevens at 301-796-6294. 

Sincerely yours, 

Anthony D. Watson, B.S., M.S., M.B.A. 
Director 

Division of Anesthesiology, General Hospital, 
Infection Control and Dental Devices 
Office of Device Evaluation 
Center for Devices and Radiological Health 



